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ABSTRACT 
 
This thesis presents the development of a True Triaxial Testing TTT Apparatus. 
The TTT apparatus developed has the capabilities of applying the three principal stresses 
to a rectangular prismoidal specimen independently. The minor principal stress (σ3)is 
provided by the cell pressure. The major principal stress (σ1) is provided by a load 
actuator traveling at a constant velocity. A LabView software program instantaneously 
reads instrumentation, makes calculations, and commands a second load actuator to 
induce an intermediate principal stress (σ2) that maintains a constant b-value; where 
b=(σ2−σ3)/(σ1−σ3). The development of the TTT Apparatus included; creating a robust 
data acquisition system to facilitate immediate readings of all needed instrumentation, 
manufacturing a horizontal loading system to transmit the load from the load actuator to 
the specimen, constructing a pressure control system capable of providing the desired 
confining pressure, creating a LabView software program to interface with the data 
acquisition system and the load actuators to record and control the test parameters.  
Calibration tests were performed to quantify the correction factors for the 
following: volume change due to volumetric expansion of the pressure jacket and loading 
rams, the load due to frictional forces and pressure, and the length change due to 
compression of the rubber cushions. True triaxial test were conducted on F-75 silica sand 
at various b-values as verification of the developed TTT Apparatus’s capabilities. The 
results of these tests compared well with the findings of other researchers conducting 
similar tests.             
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CHAPTER 1 
 
INTRODUCTION 
1.1 Background 
With advancements in technology and conceptual models, one of the limiting 
factors in understanding soil behavior is the data collected in laboratory tests. The 
conventional triaxial test data is often used in estimating design performance of soil, but 
lacks the thoroughness needed for analysis of more sophisticated models. It also lacks the 
flexibility of controlling the intermediate principal stress (σ2) and minor principal stress 
(σ3) independently. The need to independently control these stresses led to the 
development of a true triaxial apparatus by Kjellman in 1936. Perhaps due to the 
mechanical complexity of his apparatus, it had only limited employment. It was not until 
the 1960’s that true triaxial testing became a major focus of research in geotechnical 
engineering and other material engineering. A True Triaxial Testing (TTT) apparatus 
must be capable of testing the specimen in three planes, with the stress or strain in each 
plane being able to be controlled independently. The ability to control these parameters 
independently allows for a wider range of loading conditions to be modeled. The 
development of new soil testing equipment, like this TTT apparatus, continues to fuel the 
knowledge base that engineers draw upon to improve designs.  
1.2 Objective 
The main objective of this thesis is to develop a TTT apparatus capable of 
subjecting a rectangular prismoidal specimen to a variety of stress conditions. A term 
widely associated with TTT is the b-value, defined as b=(σ2−σ3)/(σ1−σ3) where; σ1= 
major principal stress,  σ2= intermediate principal stress, σ3= minor principal stress. The 
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major principal stress will be induced by a load actuator moving at a constant velocity. A 
second load actuator will be controlled by software that instantaneously acquires 
measurements from the data acquisition system, applies appropriate corrections, and 
makes calculations to determine the speed and direction of the second actuator to induce 
the intermediate principal stress required to maintain the desired b-value. A pressure 
control system is needed to apply the desired cell pressure or σ3. A LabView software 
program was developed to command the actuators, control the experiment variables, and 
display all relevant information during the tests. Early results form TTT Apparatus were 
validated against published results      
1.3 Thesis Outline 
This thesis is divided into seven chapters. A literature review of conventional 
triaxial testing apparatuses and other TTT apparatuses is presented in Chapter 2 to 
illustrate the concepts and ideas involved in the development of this TTT apparatus. The 
results and trends of similar TTT apparatuses are presented for comparison with  the 
developed TTT apparatus test results.  
A detailed hardware description of the developed TTT apparatus is presented in 
Chapter 3. The pre-existing hardware used in the development of this TTT apparatus was 
developed by Alshibli et. al.(2004) for use in a plain strain device. Details of the data 
acquisition system are provided with instrumentation specifications. The new hardware 
includes; a pressure control system capable of providing the required cell pressure, two 
load actuators, a horizontal load frame to position one of the load actuators in the 
horizontal plane around the specimen, a horizontal load transfer mechanism to transmit 
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the load from the horizontal load actuator to the specimen, and a new pressure jacket to 
facilitate the additional instrumentation and hardware. 
Chapter 4 describes the software used to control the experiment. The different 
types of software utilized and their functions are; Measurement and Automation 
Explorer-acquires and conditions the signals from the instrumentation, TestNet ActiveX 
Server- allows for control of the load actuator, and LabView- performs data 
manipulation, displays instantaneous instrument readings and calculation results, and 
commands the load actuators. 
A detailed procedure is provided in Chapter 5 to perform tests using the 
developed TTT Apparatus. Chapter 6 documents all corrections and calculations applied 
during testing and presents the results of tests performed as verification of the 
performance of the TTT apparatus. The results are discussed and compared with the 
findings of other researchers. 
Chapter 7 draws conclusions about the development of the TTT apparatus and 
provides recommendations for continued research with the TTT apparatus.   
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CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1 Introduction 
A brief review of the conventional triaxial test, specifically its capabilities and 
limitations, is needed to provide an appropriate level of understanding for the 
development of a successful True Triaxial Testing TTT apparatus. Also, a more in-depth 
review of other true triaxial apparatuses is needed to compare the performance of this 
TTT apparatus with similar testing equipment. The apparatuses and the results obtained 
from these tests are presented in this chapter. 
2.2 Triaxial Test Apparatus 
The name conventional triaxial test is somewhat misleading. The apparatus is 
better defined as an axially symmetric testing apparatus with two degrees of freedom, the 
induced axial stress and the confining cell pressure (Figure 2.1). The cylindrical soil 
specimen is contained in an impermeable membrane to prevent direct contact with the 
surrounding pressure fluid (typically water) within a pressure cell. The pressure within 
the cell can be adjusted to the desired confining pressure. The axial load is applied by a 
piston typically coming in at the top of the cell. The rigid top and bottom end platens are 
porous to allow for drainage or the measurement of pore water pressure. The typical 
measurements taken during a triaxial test are the cell pressure (σr), axial load (F), volume 
change (δV), and the change in length of the specimen (δl). In the case of an undrained 
test the change in pore water pressure (δu) may be measured in lieu of volume change 
(δV).  
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A satisfactory analysis of these results can be performed by applying the following 
equations and constructing the associated relations: 
The following strains can be calculated from these measurements: 
 lo = initial length of the specimen 
 δl = change in length of the specimen, compression is taken as positive 
 V = initial volume of the specimen 
 δV = change in volume of the specimen, volume increase (expansion) is taken as 
          negative 
The axial strain increment,  
 
ol
l
a
δδε −=  
The radial and volumetric strain increment, 
⇒−=
2
avr
δεδεδε V
V
rav
δδεδεδε −=+= 2  
The shear strain increment, 
 ( )vaq δεδεδε −= 32  
Figure 2.1: Left, typical triaxial setup. Right, typical stress paths for triaxial tests 
(Wood 1990) 
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 The following stresses can be calculated from these measurements: 
 σr = cell pressure 
 F = axial force 
 A = current cross-sectional area 
The deviator stress 
 AFq /≈   
The total mean stress 
 
3
qp r += σ  
The conventional triaxial test has historically been the most common method to 
determine the strength properties of soil due to its simplicity of controls; but with more 
complex loading scenarios, different stress paths can be easily followed (Figure 2.1). In a 
conventional triaxial compression test the cell pressure is held constant while the axial 
force is increased resulting in the incremental total mean stress becoming 3/qp δδ =  as 
represented by line AB in Figure 2.1, with A being the initial state of stress. In a 
conventional triaxial extension test the loading ram is withdrawn reducing the axial stress 
while the confining pressure is held constant which induces a negative deviator stress. 
The stress path has the same slope as the conventional compression test but in the 
negative direction, and is represented by line AC in Figure 2.1. Line DE represents the 
stress path for keeping the axial stress constant wile changing the cell pressure 
simultaneously, resulting in an incremental total mean stress relationship 
of 3/23/2 qp r δδσδ −== . Tests in which the total mean stress is held constant (line FG 
Figure 2.1) may be especially important if separation of volumetric and distortional 
aspects of soil response is desired. 
When an undrained triaxial test is performed the distinction between total and 
effective stresses must be taken into account. The deviator stress q is not affected, but the 
total mean stress p is comprised of the effective mean stress p’ and the pore pressure u 
(p=p’+u).  Figure 2.2 illustrates typical responses for both drained and undrained 
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conventional triaxial compression tests on loose and dense specimens. The general trends 
of increasing deviator stress and decreasing volumetric strain with increasing axial strain 
are illustrated for drained test. Similar trends are represented in the undrained test with 
the exception of the pore pressure increasing. 
 
 
 
 
 
 
Figure 2.2: Typical results of conventional triaxial compression tests: (a) drained tests 
and (b) undrained tests. (Wood 1990) 
2.3 True Triaxial Test Apparatus  
The defining characteristic of a True Triaxial Testing (TTT) Apparatus is that, 
unlike the triaxial test apparatus, all three principal stresses can be controlled 
independently. A typical term associated with TTT Apparatuses is the b-value, defined as 
Dilation 
Loose 
Dense 
Compression
∆ 
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b=(σ2− σ3)/(σ1−σ3); where σ1= major principal stress, σ2= intermediate principal stress, 
and σ1= minor principal stress . Several types of apparatuses have been developed by 
many different researchers, but they all fall into three main categories: stress controlled 
with flexible boundaries, strain controlled with rigid boundaries, and mixed boundary 
apparatuses 
2.3.1 Stress Controlled with Flexible Boundaries Apparatuses 
Ko and Scott developed an apparatus in 1967 that has been the model of many of 
the true triaxial testing in service today. The basic concept is a rigid box frame capable of 
providing reaction force to flexible rubber membranes that can be pressurized 
independently to transmit a uniform stresses to a cubicle specimen in the three principal 
directions. Displacement and volume change of the membranes can be measured to 
calculate strains. A few of the modifications to this design have been in the areas of 
increased stress capacity of the membranes and reaction frame to test stiffer material, and 
reduction of friction and boundary effects by lubrication and different membrane 
material. A diagram of Desai et. al. (1982) apparatus outlines the main components of a 
flexible boundary stress controlled apparatus (Figure 2.3). 
 
 
Figure 2.3: Schematic of Expanded View of Cell and Some Components (Desai et. al. 
1982) 
Cell Membrane Wall Pad 
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2.3.2 Strain Controlled with Rigid Boundary Apparatuses 
The rather ingenious concept developed by Hambly in 1969 (Figure 2.4) is the 
basis of the rigid boundary apparatus. The six rigid platens are allowed to move in 
relation to one another in a manner that allows the specimen to be distorted in the three 
principal directions. Strains can easily be determined by the displacement of the platens. 
Though the stresses can be calculated using load cell measurements incorporated in the 
platens, the uniformity of the induced stresses is difficult to achieve and verify. 
    
 
Figure 2.4: "Conceptual" arrangement of rigid end platens (after Hambly 1969) 
 
2.3.3 Mixed Boundary Apparatuses  
Typically these apparatuses utilize a test cell and cell pressure to provide the 
minor principal stress σ3 and a vertical loading system to induce the major principal stress 
σ1 similar to that of the conventional triaxial apparatus. A horizontal loading system is 
added to produce an intermediate stress (σ2) different than the confining pressure. 
Green’s (1972) horizontal loading apparatus is composed of a displacement controlled 
hydraulic ram on one face and a load cell on the other. The horizontal load is transferred 
to the specimen by rigid polished stainless steel platens. Interference between the platens 
is avoided by under sizing the horizontal platens by the same amount as the anticipated 
change in height of the specimen, leaving an unstressed region on the sample face 
resulting in some errors.  
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Lade and Duncan’s (1973) design differed from Green’s in that they used rather 
complex vertically compressible platens, described by Lade and Duncan below  and 
illustrated in Figure 2.5. 
“The two horizontal loading plates, which are 
compressible in the vertical direction, consist of 
horizontal laminae of alternate layers of stainless 
steel and balsa wood. The balsa wood has a fairly 
low modulus and strength in the direction 
perpendicular to the fibers, whereas the modulus 
and strength parallel to the fiber direction are 
relatively high. Poisson’s ratio in all three 
directions is essentially zero. The strength in the 
directions perpendicular to the fibers can be 
further decreased by compressing the wood and 
allowing it to soak in water, whereupon it will 
rebound to its original dimensions. The balsa 
wood laminae were cut so that the fiber direction 
faces the specimen. The steel laminae are 
provided with rims which prevent the balsa wood 
laminae from being pushed back by the specimen. 
The thickness of the steel and balsa wood laminae 
are proportioned so that the plates can be 
compressed about 20% in the vertical direction 
without excessive force” 
 
The horizontal loading plates were fitted to guide bearings to ensure proper 
alignment throughout the test. Lubrication consisted of rubber sheets coated with silicone 
grease in addition to the membrane confining the specimen. The addition of a second 
lubricating sheet on the top and horizontal loading plates resulted in slightly reduced 
strength. Table 2.1 presents a comparison between stress-controlled and strain-controlled 
triaxial apparatuses. 
 
 
 
 
Figure 2.5: Cubical Triaxial 
Apparatus (Lade 1973) 
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Table 2.1: Comparison of types of true triaxial tests (Mould 1979) 
Boundary 
Condition 
Stress Controlled: 
All Flexible Boundaries 
Strain Controlled:  
All Rigid Boundaries 
Mixed: Rigid and Flexible 
Boundaries 
Normal, principal stresses 
assured on the loading 
faces 
Complicated and 
predetermined strain paths 
can be modeled 
Pore water pressure and other 
facilities are easily 
accommodated 
Apparatus is compact, 
operation simple 
Uniform strains are 
possible 
Plane strain test can be 
modeled 
Large strains can be 
achieved in three 
dimensions without 
significant boundary 
interference 
Pressure cells and pore-
water pressure 
instrumentation can be 
easily accommodated in 
the loading platens 
Stress or strain paths can be 
easily followed if a 
predetermined selection of 
specimen orientation with 
respect to apparatus axes is 
allowed 
Complicated and 
predetermined stress 
paths can be readily 
followed 
Large strains can be 
achieved 
Uniform stress 
distribution over all faces 
is possible 
Strains can be measured 
accurately 
Plane strain tests can be 
modeled 
Advantages 
Shear distortions are 
unrestricted and 
measurable 
Accurate measurement of 
strain state is possible 
 
 
Boundary interference 
can occur if proper 
precautions are not taken 
The uniformity of induced 
stresses is difficult to 
verify 
Complicated predetermined 
stress or strain paths are 
difficult to follow 
Uniformity of large 
strains can be difficult to 
maintain if proper 
lubrication is not done 
Apparatus will not allow 
shear distortions 
Heterogeneous stress and 
strain fields occur near 
boundaries 
Difficult to follow 
predetermined strain 
paths 
Difficult to follow 
predetermined stress paths 
Uniformity of stress and 
strain fields is difficult to 
ascertain 
Apparatus is usually large and 
unwieldy 
Operation is usually 
extremely complicated 
Disadvantages 
Plane strain tests in a 
purely stress controlled 
mode can only be 
achieved through 
stepwise stress 
corrections 
Apparatus is usually large 
and unwieldy 
Apparatus will not allow 
shear distortions 
 
2.3.4 Results of True Triaxial Testing (TTT) Apparatuses  
The results published by Lade and Wang (2001) and Reades and Green (1976) 
will be presented as a basis for comparison with the results obtained with the TTT 
apparatus developed in this research. Green’s (1976) stress-strain relationship results 
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obtained using his Independent Stress Control ISC apparatus are presented in Figure 2.6. 
The Stress-strain, volumetric strain, and principal strain relations presented in Figures 2.7 
and 2.8 were obtained by Lade and Wang in true triaxial test on prismatic specimens of 
dense Santa Monica Beach Sand, with a confining pressure (σ3) of 49 kPa. The stress 
ratio-strain characteristics of several b-values tests are compared by Lade and Wang in 
Figure 2.9. The maximum angles of friction at different b-values obtained by various 
authors are presented in Figure 2.10.   
The basic stress strain response was an increase in stress to a peak value followed 
by substantial softening to a residual value. Reades and Greens results illustrate less of 
this stable value, because high ε1 values were not obtainable due to the end plates 
contacting each other. Both authors’ results indicate as b-value increases the peak stress 
(σ1) increases slightly and ε1 at peak decreases. The volumetric data exhibited initial 
contraction followed by dilation and then a critical state. The ε2 in Reade’s and Green’s 
results are linear. Wang’s and Lade’s ε2  response is an increase or decrease to peak σ1  
and then a steady state is reached. These basic trends will be used for comparison with 
the results acquired by the TTT apparatus developed through this research.   
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Figure 2.6: Stress-strain relationships for typical ISC tests; for dense samples (Reades 
and Green 1976) 
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Figure 2.7: Stress-strain, volumetric strain, and principal strain relations (Wang and Lade 
2001) 
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Figure 2.8: Stress-strain, volumetric strain, and principal strain relations (Wang and Lade 
2001) 
 16
 
Figure 2.9: Comparison of stress ratio-strain characteristics (Wang and Lade 2001) 
 
Figure 2.10: Results of true triaxial test on sands by various authors, as indicated on 
diagram (Wang and Lade 2001) 
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CHAPTER 3 
 
HARDWARE DESCRIPTION 
 
3.1 Introduction 
Many components were involved in the development of the True Triaxial Testing 
(TTT) Apparatus, and may be divided into three groups: the pre-existing equipment, the 
instruments and data acquisition system, and the new hardware. 
 3.2 Pre-existing Equipment 
Some equipment utilized in the TTT apparatus was developed from the Louisiana 
Plane Strain Apparatus (LA-PSA) for Soil Testing device developed by Alshibli et al 
(2004). This original equipment included: mold assembly, top and bottom end platens, H-
frame assembly, vertical trolley assembly, top and base pressure plates, and air pluviation 
device (Figure 3.1, 3.2, and 3.3). 
 
 
Figure 3.1: The Components of TTT Apparatus: (1) bottom end platen with O-ring, (2) 
vertical trolley assembly, (3)aluminum side walls of mold, (4) membrane, (5) top end 
platen with O-ring, (6) seal plates, (7) acrylic side walls of mold, (8) H-frame assembly, 
(9) miscellaneous accessories  
1 
2 3 4 5 6 
7 
8 
9 
 18
  
Figure 3.2: (1) Base Pressure Plate, (2) Vertical Loading Ram, (3) Top Pressure Plate. 
 
 
Figure 3.3 Air Pluviation Device 
1
2
3
Raining 
Funnel 
Sieve 
Stack
Ground 
Wire 
Specimen 
Platform 
Catch Pan
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The bottom end platen is a 120.65 mm x 88.9 mm x 25.4 mm (4.75” x 3.5” x 1”) 
thick aluminum piece with a 4 mm (5/32”) o-ring groove around the top half. The top is 
recessed to allow a 3.2 mm (1/8”) piece of Pyrex to fit flush, this piece of Pyrex has two 
12.7 mm (½”) holes along the centerline that are filled with porous stones. The bottom 
end platen is fitted and drilled in such a way as to be connected to a 6.35 mm (¼”) line 
and relay this pressure or vacuum through the porous stones. A series of #8-32 drilled and 
tapped holes in the edge of the platen function to secure the mold walls to the platen. 
Four holes drilled and tapped into the bottom of the platen fasten it to the vertical trolley 
assembly. The bottom end platens functions as the base of the mold assembly and 
connects the specimen to the vertical trolley assembly.  
The vertical trolley assembly consist of a 101.6 mm x 127 mm x 6.35 mm (4” x 
5” x ¼”) aluminum plate connected to four 19mm (¾”) interior diameter, low friction, 
closed, self aligning bearings. These bearings slide on two 177.8 mm long 19 mm 
diameter (7” long ¾” diameter) hardened steel shafts, which are connected to the base 
pressure plate by 19 mm (¾”) wide supports. This assembly configuration allows for 25.4 
mm (1”) of transverse movement of the bottom of the specimen in each direction.  
The aluminum side walls of the mold assembly are 25.4 mm thick, 203 mm tall, 
and 120.65 mm wide (1” thick, 8” tall, 4 ¾” wide). At the bottom of each wall each piece 
has a 7.6 mm (0.3”) thick and 22.9 mm (0.9”) long tab with two #8-32 pass through holes 
drilled to attach the wall to the bottom end platen. One of the walls also has a notch to 
allow the fitting of the bottom end platen to pass through. The walls have a 3.2 mm (1/8”) 
wide 0.8 mm (1/32”) deep groove to accommodate a 1.6 mm (1/16”) rubber gasket. The 
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walls are fitted and drilled in manner that transfers a vacuum from 6.35 mm (¼”) tubing 
to a series of small holes on the inside of the mold assembly.   
The acrylic walls of the mold assembly are similar to the aluminum ones in 
function, but differ in design. The acrylic walls 203.2 mm (8”) tall, 114.3 mm (4 ½”) 
wide, and 25.4 mm (1”) thick, with #8-32 pass through holes drilled to connect them to 
the bottom end platen and aluminum side walls. The transfer of vacuum from the 6.35 
mm (¼”) line to the interior of the mold assembly is accomplished by a flat piece of 
acrylic fitted to connect to the 6.35 mm (1/4”) line attached to the side wall with a rubber 
gasket around the edge to create a vacuum chamber between the wall and the flat piece. 
This vacuum chamber is then connected to the interior of the mold assembly by a series 
of small holes.  
The larger aluminum seal plate is 3.2 mm (1/8”) thick and has outside dimensions 
of 127 mm x 158.75 mm (5” x 6 ¼”) with an opening of approximately 101.6 mm 
x133.35 mm (4” x 5 ¼”). The smaller is 6.35 mm (1/4”) thick with outside dimensions of 
95.25 mm x 114.3 mm (3 ¾” x 4 ½”), and inner opening dimensions of 82.55 mm x 
101.6 mm (3 ¼ x 4”). Both have a rubber gasket on one side to aid in sealing. The larger 
is used to seal the membrane to the mold and the smaller is used to seal the membrane to 
the specimen.  
The membrane is made of 0.3 mm (0.12”) thick latex with a diameter of 111.1 
mm (4 3/8”) and a length of 254 mm (10”). The purpose of the mold assembly in 
conjunction with the bottom end platen and the larger seal plate is to supply a vacuum to 
stretch the membrane to the nominal dimensions of 60 mm x 120 mm x 180 mm (2.25” x 
4.75” x 7”) for the duration of the specimen preparation.  
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The top end platen is similar to the bottom end platen. It is primarily made of 
aluminum 19 mm (¾”) thick and is approximately 95.25 mm x 120.65 mm (3 ¾” x 4 
¾”). It has a 4 mm (5/32”) groove for an o-ring and is recessed a 3.2 mm (1/8”) so that a 
piece of Pyrex will fit set flush within it. The Pyrex is drilled to accommodate two 6.35 
mm (¼”) porous stones along the centerline. The platen has two threaded holes for tubing 
connections. It also has four #8-32 threaded holes that attach it to the H-frame assembly.  
The H-frame assembly consists of 12.7 mm (½”) thick aluminum, with 25.4 mm 
(1”) wide 203.2 mm (8”) long legs connected in the center with a 25.4 mm (1”) wide 
piece creating a total width of 196.85 mm (7 ¾”). In the center the piece is a 50.8 mm x 
63.5 mm (2” x 2 ½”) with holes drilled to allow it to be connected to the top end platen. 
A #8-32 hole is also drilled and tapped in the center to be connected to the vertical 
loading ram. Placed at the end of the legs are four 9.5 mm (3/8”) inside diameter self 
aligning bearings. The center to center dimensions of the bearings are 177.8 mm (7”) in 
the direction of along the legs and 171.5 mm (6 ¾”) across the legs. The purpose of the 
H-frame assembly is to ensure the vertical loading is axial, and to prevent the top end 
platen from tilting. The accessories are 6.35 mm (¼”) tubing with fittings, 3.18 mm (1/8”) 
o-rings, and thin aluminum plates all used to ensure proper sealing of the membrane. 
The bottom and top pressure plates are constructed of 25.4 mm (1”) thick 
anodized aluminum, with outside dimensions of 330.2 mm x 254 mm (13” x 10”). Both 
have two 4.76 mm (3/16”) grooves to accommodate o-rings, with the outer offset 9.5 mm 
(3/8”) in from the edge and the inner 15.9 mm (5/8”) from the edge. Both also have two 
valves with 6.35 mm (¼”) fittings going to the interior of the plates.  
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The bottom pressure plate has eight #8-32 threaded holes to connect the vertical 
trolley assembly. Four 9.5 mm (3/8”) hardened steel shafts are threaded into the bottom 
pressure plate with center to center dimensions of 177.8 mm (7”) in the long direction 
and 171.5 mm (6 ¾”) in the other direction, the same as the H-frame assembly bearings.  
The top pressure plate has 19 mm (¾”) diameter holes with these same 
dimensions. The top pressure plate also has a 19 mm (¾”) diameter hole with two 19 mm 
(¾”) diameter low friction bearings in a 38.1 mm (1 ½”) housing in the center to 
accommodate the vertical loading ram. The four 9.5 mm (3/8”) shafts are threaded at the 
top and in conjunction with four 19 mm (¾”) caps with o-rings are used to tightly secure 
the top and bottom pressure plates to the pressure jacket to form a test cell. Two 6.35 mm 
(1/4”) valves are connected to each pressure plate to facilitate linking outside lines to the 
interior of the test cell. 
The vertical loading ram is a 19 mm (¾”) hardened steel shaft with 6.35 mm (¼”) 
tapped threads on one end to connect with the H-frame assembly and a 12.7 mm (1/2”) 
drilled and tapped hole in the other end.           
The air pluviation device is approximately 1.83 m tall, 0.76 m wide, and 0.61 m 
deep (6’ tall, 2 ½’ wide, and 2’ deep). It has a raining funnel at the top with a set of sieves 
below that is grounded to the frame. Below the sieves is the platform on with the mold is 
placed. At the bottom of the air pluviation device is a catch pan. The air pluviation device 
is used to prepare specimens of consistent density, for more information concerning the 
air pluviation device refer to Alshibli et. al (1997). 
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3.3 Instruments and Data Acquisition (DAQ) System 
Ten instruments are employed by the TTT apparatus: six Linear Variable 
Displacement Transducers (LVDT’s), two S-shaped load cells, one Differential Pressure 
Transducer (DPT), and one Absolute Pressure Transducer (APT). These instruments can 
be grouped into two main categories: Type I being those with internal signal conditioning 
and Type II being those without. Type I instruments can be powered by a range of 
voltages (typically between ±10-20 V) and provide a signal typically in the range of 0-10 
V. Type II instruments must be supplied with a more precise instrument grade excitation 
voltage of 10 V and provide a signal in the order of 0-100 mV. Table 3.1 lists the 
instrument specifications for all instruments currently in use by the TTT apparatus. 
Table 3.1: Instruments Used for TTT Apparatus 
Instrument Make Model S/N Excitation  Output Plug No. 
LVDT RDP® DCW500A 58194 ±13-20 V 0 to 10 V 1 
LVDT RDP® DCW500A 41313 ±10-20 V ±5 V 2 
LVDT RDP® ACW500A 46043 ±10-20 V 0 to 10 V 3 
LVDT RDP® ACW500A 46044 ±10-20 V 0 to 10 V 4 
LVDT RDP® DCW500A 58193 ±13-20 V 0 to 10 V 5 
LVDT RDP® DCTH500A 57458 ±12-20 V 0 to 10 V 8 
Load Cell Artech® Type-“S” 143272 10-15 V 0-30 mV 9 
Load Cell Omegadyne® LC101-2K 163681 10 V 0-30 mV 10 
DPT Validyne® P305D 97402 11-32 V ±5 V 7 
APT GeoTac® 100 psi PS-1009 10 V 0-100 mV 12 
 
A data acquisition (DAQ) system was created using the National Instrument® NI 
SCXI system and an Acopian® power supply, capable of providing the required 
excitation voltage and receiving the wide range of signal voltages (Figure 3.4). Type I 
instruments were powered by the ±12 V power supply and the signal was received by the 
SCXI-1300 terminal block connected to the SCXI-1102B module. The SCXI-1520 
module connected to the SCXI-1314 terminal block was capable of supplying the precise 
10 volt excitation to the Type II instruments, while also receiving the 0-100 V output and 
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supplying the appropriate amplification. Table 3.2 list the DAQ equipment with a brief 
description of each function. 
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 Figure 3.4: Schematic of the Data Acquisition (DAQ) System- Plugs 1-8 for Type I 
Instruments and Plugs 9-12 for Type II Instruments  
 
Table 3.2: Data acquisition equipment 
Model Number Name Function 
SCXI-1000 Chassis Houses all modules 
SCXI-1520 Module Provides excitation and 
signal conditioning 
SCXI-1102B Module Acquires signals 
SCXI-1314 Terminal Block Connects instruments to the 
SCXI 1520 Module 
SCXI-1300 Terminal Block Connects instruments to the 
SCXI 1102B Module 
Acopian JD12-100 Power Supply Provides ±12 VDC power 
 
Additional instrumentation to the system was a computer automated pressure 
control device. This device increases the capabilities of the system by allowing the 
confining pressure to be varied during a test. This type of testing provides opportunity for 
further research and may be employed at a later time. The automated pressure device is a 
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ProportionAir® model QB1TFEE100 serial number 41682, with the following 
specification: supply voltage 15-24 VDC, command signal 0-10 VDC, monitor signal 0-
10 VDC. This monitor signal from this device could be acquired using the SCXI 1300 
terminal block connected to the SCXI 1102B module. An additional SCXI 1302 terminal 
block in conjunction with a SCXI 1180 feedthrough module needed to be incorporated to 
supply the command voltage, also an auxiliary power supply had to be added to power 
the device. 
3.4 New Hardware 
The new hardware that had to be acquired or developed to create the TTT 
apparatus included: the pressure control system, the load actuators, the horizontal load 
frame, the horizontal load transfer mechanism, and a new pressure jacket.  
3.4.1 Pressure Control System 
A pressure control system is needed to facilitate the controls used during the True 
Triaxial Test (Figure 3.5). These controls allow regulating the confining pressure, 
pressurizing the cell, and monitoring the volumetric changes of the specimen. The water 
tank serves as the source to fill the reservoirs with water, while the reservoirs are used to 
pressurize the cell and to monitor the volume change of the specimen. Following is a list 
of the valves and their functions:  
• A- Directs the regulated pressure to either the water tank or the reservoirs 
• B- Vents the water tank 
• C- Vents the reservoirs 
• D- connects the interior reservoir to either the water tank or the test cell 
• E- connects the exterior reservoir to either the water tank or the test cell 
• F- connects one side of the DPT to the exterior reservoir 
• G- connects one side of the DPT to the interior reservoir 
• H- gives access to the regulated air pressure 
• I, J, & K- switches from manual to computer automated pressure control 
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Figure 3.5: (a) Schematic of the Pressure Control System, (b) Picture of Pressure Board  
 
3.4.2 Load Actuators    
Two 8900 N (2000 lb) capacity GeoJac automated load actuators with accessories 
were acquired for TTT apparatus. The accessories included: a variable power supply (set 
to 15.0 VDC), a power brick, and cables. The actuator used in the vertical direction also 
came with a load frame: consisting of a base plate, extension rods and a top bar. A 
diagram of the basic GeoJac setup is provided in Figure 3.6. The only difference to this 
basic setup is in the TTT setup, two GeoJac actuators are connected in sequence after the 
network module.  
3.4.3 Horizontal Load Frame 
The horizontal load frame (Figure 3.7) consists of three basic components: the 
actuator housing, the connection rods, and the reaction wall. The actuator housing and 
reaction wall were both constructed of 38.1 mm x 38.1 mm (1.5” x 1.5”) box tubing with 
6.35 mm (¼”) wall thickness, and the connection rods are 19.05 mm (¾”) coarse 
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Figure 3.6: Typical GeoJac set up and accessories (Trautwein 2001). 
threaded rods 914.4 mm (36”) long. The strength properties of this material well 
exceeded the required 8900 N (2000 lb) maximum capacity of the actuator. Also, their 
sizes were chosen to facilitate ease of manufacturing and consistency of nuts and bolts. 
Adjustability in all directions was a key concern of the design of the horizontal load 
frame. The height of the actuator housing and reaction wall can be adjusted by the 
threaded feet on each side, likewise the distance between the actuator housing and 
reaction wall can be adjusted on each of the four corners by the threaded connection rods. 
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Two 12.7 mm (0.5”) thick steel “striker” plates were also manufactured, one connected to 
the reaction wall and one to the actuator by way of a load cell.  Two modifications to the 
original design were a double connection rod to facilitate placement of one of the 
LVDT’s, and holes for the connection rods in the reaction wall were slightly oversized to 
accommodate easier adjustment. For details and dimensions see the shop drawings in 
Appendix A. 
3.4.4 Horizontal Load Transfer Mechanism 
The horizontal load transfer mechanism delivers the load created by the actuator 
to the specimen (Figure 3.8). The striker plates of the horizontal load frame contact 
hardened steel 12.7 mm (½”) diameter rods through 12.7 mm (½”) ball bearings. These 
Adjustable Feet 
Actuator Housing Reaction Wall 
Striker Plates
Connection Rods
Double Connection Rod 
Figure 3.7: Horizontal Load Frame 
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rods slide into the pressure jacket through aluminum bushings with o-rings in place to 
maintain the confining pressure within the pressure jacket.  
To 
GeoJac
To 
Reaction 
Wall
Rubber Cushion
Striker Plate Aluminum PlatenRods Bushings
Horizontal 
Trolleys
Specimen
Pressure 
Jacket
 
Figure 3.8: Horizontal Load Transfer Mechanism- the parts are the same for both sides of 
the specimen with the exception of the Horizontal Trolleys. 
 
Four rods on the actuator side are connected to the aluminum platen via a 
horizontal trolley system, consisting of shafting within open linear bearings to allow 
lateral movement of the horizontal platen. On the reaction wall side two rods are 
connected directly to the horizontal platen. Rubber cushions, 12.7 mm (1/2”), thick are 
positioned between the specimen and the horizontal platens to facilitate inward horizontal 
movement of the horizontal platens without the horizontal platens contacting the top and 
bottom platens. The tops of the rubber cushions are cut on a 45° angle to allow for easier 
movement of the top platen.   
 
3.4.5 New Pressure Jacket 
The function of the pressure jacket is to create a test cell in conjunction with the 
top and base plate capable of providing the desired confining pressure. The previous 
pressure jacket used in the biaxial testing was constructed of 25.4 mm (1”) thick acrylic 
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and was capable of withstanding a confining pressure of 137.9 kPa (20 psi). A new 
pressure jacket was needed for the TTT apparatus to allow for the horizontal loading 
mechanism, increased instrumentation and higher confining pressure. To facilitate the 
horizontal loading mechanism four 25.4 mm (1”) diameter holes were needed in one side 
of the pressure jacket and two in the other. The instrumentation that needed to be 
accommodated was four LVDT’s. Four 19 mm (¾”) diameter holes were needed in the 
front side of the pressure jacket, three along the mid line to measure the specimen 
reaction and one offset to measure the movement of the horizontal trolley.  
The new design enlisted the use of several materials: acrylic, alloy 6061 
aluminum, and silicone rubber.  Four 25.4 mm x 12.7 mm (1” x ½”) aluminum bands 
connect 63.5 mm x 50.8 mm x 6.35 mm (2 ½” x 2” x ¼”) angle aluminum pieces at the 
corners (Figure 3.9). These bands have bolted connections in each member (Figure 3.10). 
The acrylic is notched 9.5 mm (3/8”), in such a way that when the bolts in the bands are 
tightened the rubber placed in each notch is compressed, thus sealing the pressure jacket. 
A rubber cushion was placed between the aluminum and the acrylic to prevent stress 
concentrations. This new design joined the strength of the aluminum and the ability to see 
the specimen through the acrylic. The pressure jacket was pressure tested to 200 kPa (30 
psi) with no leaks: higher pressures are achievable but were beyond the scope of this 
research. For more details see Appendix B. 
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Right SideLeft Side BackFront
Acrylic Aluminium
Figure 3.9: New Pressure Jacket Side View 
 
 
Acrylic Aluminium
Top View
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Figure 3.10: New Pressure Jacket Top View  
 
 32
CHAPTER 4 
SOFTWARE DESCRIPTION  
4.1 Introduction  
The main software that controls the TTT apparatus is National Instruments (NI) 
LabView Version 6i. The data acquisition system utilizes the LabView support software 
NI Measurement and Automation Explorer version 2.2 (IMAQ). The interface between 
LabView and the GeoJac actuators was made possible by the TestNet ActiveX Server 
provided by the GeoJac manufacturer. 
4.2 National Instrument Measurement and 
Automation Explorer (IMAQ) 
 
The IMAQ software interfaces with the SCXI data 
acquisition system to provide instrument measurements. 
The configuration for the current system is displayed in 
Figure 4.1. The main sections of concern are: Data 
Neighborhood, Devices and Interfaces, and Scales.  
4.2.1 Data Neighborhood 
The virtual channels are setup in the Data 
Neighborhood. Two types of virtual channels were used 
for the two types of instrumentation. Type I 
instrumentation was setup as a voltage type sensor, with 
the appropriate scale and range for that instrument 
(Figure 4.2). The device selected for all Type I 
instruments was the SCXI-1102B. The instrument board is 
Figure 4.1: IMAQ      
Configuration 
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setup with plug numbers 1-12 with the first 8 plugs wired for Type I instruments. IMAQ 
starts channel designation at 0 rather than 1, and channel designation is device specific. 
The plugs 1-8 correspond to channels 0-7 within the SCXI-1102B device.   
 
Figure 4.2: Type I Configuration 
 
The full bridge strain gauge configuration was used for all Type II 
instrumentation (Figure 4.3).  All Type II instruments have a nominal gauge resistance of 
350 Ohms and are connected to the SCXI-1520 device with a built-in excitation voltage 
of 10 V. The instrument board plugs 9-12 are wired for Type II instruments and 
correspond to channels 0-3 within the SCXI-1520 device. The reading of each instrument 
is the voltage resistance divided by the gauge factor (GF) of the instrument. The gauge 
factor is set to the inverse of the straight line ‘y=mx+b’ calibration factor for each 
instrument.  The IMAQ data neighborhood setting for each instrument is given in Table 
4.1. 
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Figure 4.3: Type II Configuration 
 
Table 4.1 IMAQ Data Neighborhood Settings 
Virtual Channel Type Device Plug No. Chan. No. Scale or GF* 
1-Height Change  I 1102-B 1 0 LVDT 58194 
2-Upper LVDT I 1102-B 2 1 LVDT 41313 
3-Middle LVDT I 1102-B 3 2 LVDT 46043 
4-Lower LVDT I 1102-B 4 3 LVDT 46044 
5-Side LVDT I 1102-B 5 4 LVDT 58193 
6-Nothing I 1102-B 6 5 None 
7-Volume Change I 1102-B 7 6 DPT 97402 
8-Length Change I 1102-B 8 7 LVDT 57458 
9-Vertical Load II 1502 9 0 GF= -0.2725 
10-Horizontal Load II 1502 10 1 GF= 0.3380 
11-Nothing 2 II 1502 11 2 None 
12- Conf. Pressure II 1502 12 3 GF= -14.5038 
Cell Pressure III 1102-B Indep. 8 None 
Pressure Control III MIO-16E-4 Indep. 0 ProAir 41682 
*The instrument serial numbers correspond to selected calibrations 
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4.2.2 Devices and Interfaces 
The main device with IMAQ to configure is the SCXI-1000 Chassis. Module 1 is 
configured as the SCXI-1520 which controls the chassis. It has a SCXI-1314 terminal 
block as an accessory. Each channel 0-4 is setup with a gain of 100, a filter of 10 Hz, a 
voltage excitation of 10V and as a full bridge configuration (Figure 4.4a). Module 2 is the 
SCXI-1102B with each channel 0-8 having a gain of 1 and an automatic filter of 200 Hz 
(Figure 4.4b). The accessory of this module is the SCXI-1300 terminal block. 
 
4.2.3 Scales 
Each linear scale has the y=mx+b format with the m being the calibration factor 
of the instrument associated with that scale. A sample of a scale configuration is shown in 
Figure 4.5. All the scales used in the current configuration are given in Table 4.2. 
 
 
(a) (b) 
Figure 4.4: SCXI-1000 Chassis Configuration, (a) Module 1, (b) Module 2 
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Table 4.2: Scale information 
Scale m 
DPT 97402 14.7065 
LVDT 41313 2.4343 
LVDT 46043 -2.5524 
LVDT 46044 -3.5670 
LVDT 57458 2.5522 
LVDT 58193 2.5407 
LVDT 58194 2.5730 
ProAir 41682 6.8948 
 
 
 
Figure 4.5: Sample Scale Configuration 
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4.3 TestNet ActiveX Server 
To enable the LabView software to communicate with the GeoJac hardware the 
TestNet ActiveX Server TNSRV40 needed to be installed. The TestNet ActiveX server is 
an in-process COM (OLE) server that provides object-oriented binary interface for 
accessing various components of a TestNet network. The two global classes of the 
TestNet server are Network and Database. The Database Class uses an INI file as a 
storage mechanism to store and recall all of the initialization data: port number, activation 
code, addresses of the motors, ect. The file in which this information is stored for this 
particular application is C:\Documents and Settings\All Users\Documents\Geojac-
LabView\Client.ini. The Network Class establishes communication with each module of 
the network and applies the settings saved in the Client.ini file. The main class used to 
control the GeoJac actuators is the Servo Class. For example, the RunMotor command 
controls the velocity, acceleration and direction of the actuators. A full list of functions of 
the TestNet ActiveX Server, and the Client.ini file is provided in Appendix C. 
4.4 LabView 
National Instruments developed LabView software for the purpose of virtual 
instrumentation, which is a combination of hardware and software to create a computer 
interface involving instrument reading and automation. LabView functions as a visual 
programming language utilizing virtual instruments (VI’s) to manipulate data and provide 
output. VI’s may be connected to one another via wiring. Input signals from IMAQ are 
converted to instantaneous feedback and control. A VI is constructed by cascading 
information between sub-VI’s in the block diagram with all controls and outputs being 
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displayed in the front panel. For more information all VI’s with connector pane, front 
panel, and block diagram are available in Appendix D.  
4.4.1 VI’s 
The VI’s are the specific components of the program. The hierarchy chart shows 
all the VI’s used throughout the test (Figure 4.6). The master VI “TTT” calls each of the 
sub-VI’s in turn to perform specific duties; likewise second tier VI’s call lower order 
VI’s. All the VI’s are listed below in Table 4.3 with their inputs, outputs, and a brief 
description of their function. 
 
 
Figure 4.6: Hierarchy Chart 
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Table 4.3: List of all VI’s with inputs, outputs, and functions 
VI Input Output Function 
TTT None None Master VI 
DAQ Init None Task ID, Error out Initializes Data 
Acquisition system 
Save File None Save File Name Sets up the file the 
data is saved to. 
Graphs Instrument outputs, Controls, 
Equation output 
Graphs Bundle Creates graphs 
Motor Init None Cluster Requires Closing, 
Vertical Motor Control 
Data, Horizontal Motor 
Control Data 
Initializes both 
motors 
Calculations Dimensions, Acquired signal, Zero 
Instruments, Time 
Instruments Outputs, 
Equation Output 
Performs 
calculations 
Pressure 
Control 
Desired Pressure None Controls pressure 
device 
Pressure 
Valve 
Desired Pressure New Desired Pressure Makes sure 
pressure is within 
range 
Motor Control Dimensions, Instrument Outputs, 
Equation Output, Front Panel 
Controls, Speed Selector 
Motor Speed, Vertical 
Motor Controls, Horizontal 
Motor Controls 
Provides 
commands to 
move both motors. 
Run Motor Motor End Test, Vertical Motor 
Address Data, Horizontal Motor 
Address Data, Vertical Motor 
Controls, Horizontal Motor Controls 
Final End Test, Cluster 
Requires Closing, Error 
Cluster 
Moves motors 
Save Data File Name, Dimensions, Instrument 
Outputs, Equation Output, Time 
None Transfers data to 
Excel compatible 
file 
Shut Down Cluster Requires Closing, Cluster 
Requires Closing 2, Error Cluster 
None Closes all clusters 
that need closing 
Safety Switch Vertical Motor Controls, Horizontal 
Motor Controls, Acquired Signal 
Vertical Motor Controls, 
Horizontal motor Controls 
Ensures no 
equipment exceeds 
its limits 
Signal 
Acquire 
TaskID in, Error in Shutdown, TaskID out, 
error out, Acquired Signal 
Acquires signal 
from Data 
Acquisition 
System 
Time Base Time Time Produces time in 
minutes 
File Creator None Save File Name Creates file to 
store data 
Signal Break Acquired Signal, Zero Instruments Instrument Outputs Converts signal 
into manageable 
data form 
Friction 
Factor 
Length Change, Height Change Saved Correction (Horiz), 
Saved Correction (Vertical) 
Calculates the 
friction factor due 
to rod friction 
Horizontal 
Load Speed 
Horizontal Load Cell, Horizontal 
Target Load, Horizontal Speed 
Selector 
Counts/sec, Direction V Controls the speed 
of the horizontal 
motor 
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Table 4.3 continued 
VI Input Output Function 
Indep Motro 
 
None Vertical Motor 
Controls, Horizontal 
Motor Controls 
Independently 
controls both motors 
Load Control Vertical Load Cell, Horizontal Load Cell, 
Stop Vertical Motor, Vertical Velocity, 
Vertical Control Selector, Horizontal 
Control Selector 2, Horizontal Velocity, 
Stop Horizontal Motor 
Vertical Target load, 
Direction V, 
Horizontal Target 
Load, Direction H 
Controls motors by 
desired load 
Vertical Load 
Speed 
Vertical Load Cell, Vertical Target Load, 
Vertical Speed Selector 
Counts/sec, Direction 
V 
Controls the speed 
of the vertical motor 
Warning Device Limit Exceeded None Displays warning 
signal 
Non Zeroed Acquired Signal Non-Zeroed 
Instrument output 
Converts signal into 
manageable data 
form 
MY DATA 
PROC 
voltage data, waveform, error in Processed data, 
processed waveform, 
error out 
Processes data 
Zeroer Instrument outputs, Zero Instruments Zeroed Instrument 
Outputs 
Zeroes the 
instruments 
Global None None Stores global values 
 
4.4.2 Front Panel 
The front panel of the TTT testing program (Figure 4.7) is displayed while the test 
is being performed. It can be divided into three regions: controls, data output, and graphs. 
The switches to the left allow for the instruments to be zeroed either all at once or 
individually. The initial specimen height, length, and width are entered into the controls 
in the blue box along with the strain rate and b-value the test will be conducted at. Below 
this the name of the data file is displayed. The amount of points graphed can be specified 
in the box below the data file name along with an option to clear the graph. The speed of 
the secondary motor is displayed throughout the test. In the motor control box there are 
three options: vertical strain controlled, horizontal strain controlled, and load control. 
There are also switches to stop the vertical and horizontal motors and to control the 
motors independently. If the pressure is being computer controlled the desired pressure 
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may be entered into the next control. The iteration count is displayed throughout the test. 
The test may be terminated by selecting the stop button. During the test two speeds for 
the secondary motor may be selected. 
 
 Figure 4.7: TTT Front Panel 
The data output that is displayed during the test can be grouped into two sections: 
instrument output, and calculated output. Table 4.4 illustrates both outputs. The graphs 
presented in the front panel illustrate the trends of the test as it is being performed. The 
large graph to the right of the output section plots all of the instrument output versus 
iteration count. The bottom three graphs are plotted with the axial strain on the x-axis. 
The first graph plots both the vertical and horizontal stresses against the axial strain. The 
Controls Output Data Graphs 
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second graph monitors the LVDT measurements, and the third graph illustrates the 
volumetric strain. Legends are conveniently located beside each graph. 
Table 4.4: Front Panel Outputs with Brief Descriptions 
Instrument Output Brief Description 
Delta H LVDT measuring movement of top actuator 
Upper  LVDT measuring lateral movement upper part of the specimen 
Middle LVDT measuring lateral movement middle part of the specimen 
Bottom LVDT measuring lateral movement base of the specimen 
Side LVDT measuring lateral movement side trolley 
Nothing Additional channel for future use 
Volume Change DPT measuring the volume change of the specimen 
Length Change LVDT measuring movement of side actuator 
Vertical Load Load Cell measuring the vertical load  
Horizontal Load Load Cell measuring the Horizontal load  
Nothing 2 Additional channel for future use 
Confining Press. APT measuring the confining pressure 
Calculated Output  
Specimen Vol. Chg.  The instantaneous volume change of the specimen  
Present Height The instantaneous height of the specimen  
Present Length The instantaneous length of the specimen  
Present Width The instantaneous width of the specimen  
Present Volume The instantaneous volume of the specimen  
Vertical Stress The instantaneous vertical stress of the specimen  
Horizontal Stress The instantaneous horizontal stress of the specimen  
Vertical Strain The instantaneous vertical strain of the specimen  
Horizontal Strain The instantaneous horizontal strain of the specimen  
Volumetric Strain The instantaneous volumetric strain of the specimen  
Target Horiz. Load The desired horizontal load calculated by the b-value 
Target Vert. Load The desired vertical load calculated by the b-value 
Corr. Horiz. Load The horizontal load corrected for pressure and friction  
Corr. Vert. Load The vertical load corrected for pressure and friction  
 
4.4.3 Block Diagram 
Each VI and sub VI has a corresponding block diagram. The block diagram is 
where the actual program is constructed, creating the flow of data between sub VI’s and 
where analysis and calculation operations are performed. The basic order of operations 
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for the TTT VI is initialization, acquisition, calculation, automation, documentation, and 
termination. The block diagram for the TTT program is displayed in Figure 4.8.  
 
Figure 4.8: TTT Block Diagram 
The large grey rectangle is a while loop with everything inside being done throughout 
the test and everything outside the loop being done only once either to initialize or to 
terminate the test. The basic flow of data is from left to right and top to bottom. Below is 
a brief flow of the data through the TTT block diagram from the beginning to the end of 
the test.  
• The actuators are initialized (Motor Init. VI) 
• The time is acquired (Clock VI-built in LabView VI) 
• The file the data is to be saved in is created (File Creator VI) 
• The Data Acquisition system is initialized (DAQ Init) 
• Enter the while loop 
• The time is zeroed (Time VI) 
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• The desired pressure value is retrieved (Pressure Value) 
• The initial test data is retrieved: height, length, width, b-value, and strain rate    
• The pressure is controlled (Pressure Control VI) 
• The signals are acquired from the data acquisition system (Signal Acquire VI) 
• The calculations are performed (Calculations VI) 
• The actuator controls are determined (Motor Control VI) 
• The instruments are checked to ensure they are within their operable limits 
(Safety Switch VI) 
• The graphs are created (Graphs VI) 
• The actuators are directed to move (Run Motor VI) 
• The data is saved (Save Data VI) 
• The graphs are displayed to the front panel 
• The switch is checked to either continue or terminate test 
• Exit while loop 
• All automation VI’s that require closing are closed (Shut Down VI) 
• The data acquisition system is cleared (AI Clear) 
• Any error messages that were incurred are displayed 
 
Most of the VI‘s are straightforward in their function, some of the more complex sub 
VI’s will now be discussed in further detail. 
The Motor Init VI (Figure 4.9) utilizes the automation open command to open the 
TestNet ActiveX Server modules TNSRV40._Network and TNSRV40._Database. The 
file path of the .ini file is provided to the Database module in order for it to apply all of 
the initialization settings. Communication to both actuators is established and they are 
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made ready to control as the vertical and horizontal motors using the Servo Class within 
the TNSRV40 server. Each automation that is open must be closed at the end of the test.   
 
Figure 4.9: Motor Init Block Diagram 
 
The Run Motors VI (Figure 4.10) actually commands the actuators to move, by 
supplying the Servo class with values for velocity, acceleration, and direction. These 
values are received as the Vertical and Horizontal Motor Controls. If any of a series stop 
mechanisms are selected the motors stop by switching the case structure to a motor stop 
condition (Figure 4.11). One of the stop switches is a security measure, in case the test is 
prematurely ended to keep the motors from continuing to run. These values are accessed 
through the Global Shutdown Values- a floating rewritable reference throughout the 
entire program. The Motor Control VI determines the values to move both actuators 
(velocity, acceleration, and direction) creating the Vertical and Horizontal Motor 
Controls. Three different controls may be selected from the TTT front panel (Vertical 
Strain Controlled, Horizontal Strain Controlled, and Load Control) each yielding 
different case structures. The Vertical Strain Controlled case (Figure 4.12) employs the 
height and strain rate to calculate the speed of the vertical actuator. 
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Figure 4.10: Run Motors Block Diagram-Actuators Moving 
 
 
Figure 4.11: Run Motors Block Diagram-Actuators Stopped 
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The speed of the horizontal motor is determined from the horizontal load cell and 
the horizontal target load through the horizontal load speed VI. The Horizontal Strain 
Controlled case is similar to the Vertical Strain Controlled case with the horizontal speed 
calculated from the length and strain rate, and the vertical speed determined by the 
vertical speed VI. 
 
Figure 4.12: Motor Control Block Diagram- Vertical Strain Case 
The Load Control case has two cases for each motor: Strain, and Load. The Strain 
case (Figure 4.13) receives a velocity from the Load Control VI. It ensures this velocity is 
within the actuator limits, and multiplies by a conversion factor. This velocity along with 
the direction received from the Load Control VI and the acceleration make up the 
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Vertical and Horizontal Motor Controls. The Load case (Figure 4.14) utilizes the 
respective load speed VI’s to determine the Motor Controls 
 
 
Figure 4.13: Motor Control Block Diagram- Load Control Case- Strain Case 
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Figure 4.14: Motor Control Block Diagram- Load Control Case- Strain Case 
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CHAPTER 5 
PROCEDURE 
5.1 Introduction 
The following procedure is provided as a guide to perform a test with the TTT 
apparatus. The auxiliary equipment not described in the hardware section needed to 
perform a test with the TTT apparatus includes, but not limited to: a vacuum source, 
water source, 6.35 mm (1/4”) tubing and fittings, three way valve, Allen wrenches to fit 
#6, 8, 10-32 bolts, 12.7 mm (½”) deep well socket and ratchet, brushes, straight edge, and 
vacuum grease. The procedure is divided into the following sections; mold assembly, 
specimen preparation, test cell assembly, load frame placement, positioning of LVDT’s, 
pressurizing the test cell, operating the LabView software, and disassembling the TTT 
apparatus.  
5.2 Mold Assembly 
The purpose of the mold assembly is to apply a vacuum holding the membrane in the 
nominal specimen dimensions during the specimen preparation. A good seal of the mold 
assembly is imperative to preparing a good specimen. Because the confining pressure 
during testing is applied to the specimen by increasing the water pressure outside the 
membrane, a leak in the membrane or a bad seal between the membrane and the end 
platens will wet the specimen and alter the test results. Maintaining clean pieces and 
applying appropriate amounts of high vacuum grease in certain areas during the mold 
assembly and specimen preparation help ensure that all seals are sound, resulting in a 
good specimen and test results. The following steps are provided as a guide to put 
together the mold assembly: 
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1) Place four #8-32 x 19 mm (¾”) studs into the four holes in the bottom end platen. 
These studs will secure the bottom end platen to the vertical trolley assembly. 
Placing the plate on a block of wood with a 31.75 mm (1 ¼”) hole drilled 19 mm 
(3/4”) deep in the center will allow the plate to be level and stationary during 
preparation.   
2) Apply vacuum grease to the groove of the bottom end platen. 
3) Stretch one end of the membrane over the bottom end platen. 
4) Stretch the o-ring around the bottom end platen and membrane, and fit it into the 
groove of the bottom end platen. 
5) Position the membrane so that it is not over the bolt holes in the bottom end 
platen. 
6) Apply vacuum grease to the o-ring. 
7) Connect the aluminum side walls to the bottom end platen with #8-32 x 15.9 mm 
(5/8”) bolts, but do not tighten bolts. The rubber gaskets should be in place in the 
grooves of the aluminum side plates (Figure 5.1a). 
8) Apply additional vacuum grease to the corners of the o-ring, and to the gaskets of 
the aluminum side plates. 
9) Connect the acrylic side walls to the bottom end platen and aluminum side walls 
with #8-32 x 31.75mm (1 ¼”) bolts, but do not tighten. 
10) Holding the membrane taut from the top, tighten first the bolts connecting the 
aluminum side walls and then the bolts connecting the acrylic side walls. Last 
tighten the bolts connecting the acrylic side walls to the aluminum side walls, 
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making sure the gaskets of the aluminum side walls are compressed with no gaps. 
They will turn a different shade when compressed. 
11) Apply additional vacuum grease to top of the mold where the aluminum and 
acrylic side walls meet. 
12) Stretch and hold the membrane over the top of the side walls. This step is most 
easily done with two people. Care should be taken to ensure the membrane is not 
twisted, ripped, overstretched, or folded. 
13) Stretch the large o-ring over the membrane and side walls to help hold the 
membrane in place. 
14) Secure the 12.7 mm (½”) thick aluminum plates to the aluminum side walls using 
#8-32 x 19 mm (¾”) bolts. Make sure the threaded bolt holes are facing up and 
the bolts do not tear or penetrate the membrane. This can be done by inserting the 
bolts through the holes, pressing them against the aluminum side wall and sliding 
them upward. All this is to be done while maintaining the position of the 
membrane. 
15) Secure the large 3.2 mm (1/8”) thick seal plate to the 12.7 mm (½”) thick 
aluminum plates using #8-32 x 12.7 mm (½”) bolts, with the rubber gasket against 
the membrane. The membrane should be secured and should not slip inward. 
16) Connect the 6.35 mm (¼”) tubing to the fittings of the side walls, and connect the 
T to one line of the 3-way valve going to the vacuum source. 
17) Apply a vacuum to the mold assembly by opening the 3-way valve to the line 
connected to the mold assembly. A minimum vacuum of 20 kPa is required to 
securely stretch the membrane to the side walls (Figure 5.1b). 
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18) Inspect the membrane to ensure the seal is good. A good seal will result in the 
corners of the membrane being sharp corners not rounded.  
 
 
 
 
This concludes the mold assembly stage of the test. 
5.3 Specimen Preparation 
The specimen is prepared by the air pluviation method. Basically the sand passes 
through a funnel into a stack of sieves and then rains into the mold. The major factors 
affecting the density are the funnel aperture size and the drop height from the sieves. 
Using the same aperture size and drop height with this method yields consistent densities 
of the specimen. For more details see reference Alshibli et al (1996). An aperture size of 
8.9 mm (0.35”) and a drop height of 508 mm (20”) consistently yielded specimens with a 
(a) (b) 
Figure 5.1: (a) Mold assembly partially put together, (b) Mold assembly 
completely put together with vacuum applied 
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void ratio of 0.570 ±0.006 for the tests conducted for this research. The following 
guideline is provided for preparing the specimen: 
1) Weigh the mold assembly. This weight in conjunction with the final weight will 
be used to calculate the mass of the specimen. To simplify this calculation the 
mold assembly and all accessories that will be present when the final weight is 
taken are weighed together as the tare weight. These additional accessories are: 
top o-ring, H-frame, four #8-32 x 25.4 mm (1”) bolts used to connect the H-frame 
to the top end platen, and the top end platen (with vacuum grease applied to the 
groove and on top of the platen near the edge). The weight must be taken with the 
vacuum line removed. 
2) Reconnect the vacuum line to the mold assembly and apply vacuum to the mold 
assembly. 
3) Check to ensure the correct sieves are in the sieve stack, the funnel with the 
desired aperture is centered in the top of air pluviation device, and the sieve stack 
is centered beneath the funnel. 
4) Place the mold assembly directly beneath the sieve stack in the air pluviation 
device. Four small strings are suspended from the sieves to assist in centering the 
mold assembly beneath the sieves (Figure 5.2a). 
5) Cover the quick-connect fittings to prevent sand from getting in them. This will 
prevent having trouble connecting them later. 
6) Prepare the sand to pour in the funnel. It will take approximately 4.9 L (300 cubic 
inches) to complete filling the mold. 
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7) Pour the sand into the funnel. Quickly fill the funnel to a sustainable level, and 
then gradually add sand to maintain a constant level of sand in the funnel. 
8) Monitor the mold assembly as it fills with sand. If all pieces are correctly aligned 
the mold will fill level. 
9) Once the mold is full, stop the sand from falling through the sieves. 
10) Remove the excess sand from the mold assembly, taking care not to disturb the 
specimen. 
11) Remove the mold assembly from the air pluviation, placing it on a level surface 
accessible from all directions. 
12) Remove the large seal plate from the mold assembly. 
13) Level the specimen flush with the top of the mold assembly (Figure 5.2b). 
14) Remove all excess sand from the mold assembly. 
15) Carefully place the top end platen on the top of the specimen, with the Pyrex plate 
downward against the specimen. 
16) Gently remove the 12.7 mm (½”) thick aluminum plates from the side walls. The 
large o-ring should hold the membrane in place. 
17) Carefully remove all excess sand from the membrane 
18) While maintaining downward pressure on the top end platen slide the large o-ring 
down the side walls of the mold assembly, and pull the membrane over the top 
end platen. Maintain downward pressure on the top end platen. This phase and the 
next two steps are easier with two people. 
19) Stretch the smaller top o-ring around the membrane and in the groove of the top 
end platen. Maintain downward pressure on the top end platen. 
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20) Fold the membrane over the top edge of the top end platen. Place the smaller seal 
plate on top of the membrane and top end platen with the rubber gasket against 
the membrane. Maintain downward pressure on the top end platen. 
21) Secure the H-frame to the top end platen using four #8-32 x 25.4 mm (1”) bolts. 
As the bolts are tightened the membrane is compressed between the smaller seal 
plate and the top end platen, sealing the specimen. The downward pressure may 
be removed from the top end platen 
22) Connect the quick-connect fitting to the other line of the 3-way valve going to the 
vacuum source. 
23) Align the top end platen so that it is centered on the specimen and parallel to the 
side walls of the mold assembly. While holding the top end plate in this position 
switch the vacuum from the mold assembly to the line going into the bottom end 
platen. 
24) Ensure that all sand is removed from the mold assembly and all the accessories. 
25) Weigh the mold assembly and specimen. Be sure to include all pieces that were 
included in the initial tare weight: large seal plate, o-ring, 12.7 mm (½”) 
aluminum plates, four #8-32 x 12.7 mm (½”) bolts and four #8-32 x 19 mm (¾”) 
bolts. The weight must be taken with the vacuum line removed, but should be 
reconnected as soon as possible. 
The specimen is now prepared. The side walls should remain in place to prevent the 
specimen from being damaged. 
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5.4 Test Cell Assembly 
The test cell is constructed around the specimen. The key components involved are; 
the bottom pressure plate, the top pressure plate, and the pressure jacket. It is assumed the 
pressure jacket is put together with horizontal load transfer mechanism in place. For 
information concerning the way these parts are fit together consult the shop drawings in 
Appendix B. A sequential list is provided below as a guideline for constructing the test 
cell around the specimen: 
1) The vertical trolley assembly must be put together to be secured to the bottom 
pressure plate. Insert the bearings into the housing, securing them with the inner 
retaining rings. Slide the steel shafts through the bearings. Secure the mounting 
brackets to the shaft by tightening the #10-32 x 19 mm (¾”) bolts, align them so 
(a) 
(b) 
Figure 5.2: (a) Mold assembly in air pluviation device, (b) Specimen after being 
leveled flush with top surface. 
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that they sit flat and the outside of the shaft is flush with the bracket. Secure the 
vertical trolley assembly to the base pressure plate using #8-32 x 15.9 mm (5/8”) 
bolts. 
2) The orientation of the specimen on the vertical trolley assembly should be such 
that the 6.35 mm (1/4”) fitting is not on the same side as the LVDT’s will 
eventually be. Place the specimen on the vertical trolley assembly, guiding the H-
frame bearings onto the four shafts of the bottom pressure plate. The four studs in 
the bottom of the bottom end platen will fit into the four holes of the vertical 
trolley assembly. Connect a free vacuum supply line to the valve of the bottom 
pressure plate that is linked to the quick-connect on the interior of the bottom 
pressure plate. Open this valve. Switch the 3-way valve from the specimen to the 
bottom pressure plate and move the quick-connect going to the specimen to the 
bottom pressure plate. This should be done as quickly as possible to prevent 
specimen damage (Figure 5.3a). 
3) Remove the side walls from the specimen. Remove the acrylic walls first, and 
then secure the 3.2 mm (1/8”) thick aluminum plates to the bottom end platen with 
#8-32 x 15.9 mm (5/8”) bolts. Remove the aluminum side walls, replacing them 
with the 6.35 mm (¼”) thick aluminum plates. This will prevent the bottom o-ring 
from losing its seal (Figure 5.3b). 
4) Take the dimensions of the specimen. Typically take: six width measurements 
(three each side near the top, middle, and bottom), three length measurements 
(near the top, middle, and bottom), four height measurement (one at each corner). 
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The average of each of these measurements will be used to calculate the volume 
of the specimen. 
5) Cover both side of the rubber cushions with lithium grease and place them on the 
aluminum platens. There are small holes drilled in the aluminum platens that 
studs in the rubber cushions will fit in to hold the rubber cushions in place. 
6) Lower the pressure jacket over the specimen onto the bottom pressure plate. Take 
care not to hit the H-frame or specimen with the jacket or the horizontal trolley 
assembly. Also make sure the aluminum platen does not impede the flow through 
the vacuum line inside the pressure jacket. Center the pressure jacket on the 
bottom pressure plate. 
7) Place the top pressure plate onto the pressure jacket, guiding the four shafts from 
the bottom pressure plate into the holes of the top pressure plate. Center the top 
pressure plate on the jacket. 
 
Figure 5.3 (a) Specimen placed on vertical trolley, (b) Specimen with side walls removed, 
(c) Test cell assembled 
(a) (b) (c) 
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8) Insert the vertical loading ram into the bearing housing of the top pressure plate. 
Carefully push the vertical loading ram down until it contacts the H-frame. 
Thread the vertical loading ram into the H-frame. 
9) Place the caps on the four shafts from the bottom pressure plate. Tighten the 6.35 
mm (¼”) nuts onto the four shafts. This compresses the o-rings of the top and 
bottom pressure plates sealing the jacket (Figure 5.3c). 
This completes the construction of the test cell around the specimen. 
5.5 Load Frame Placement 
The specimen and test cell must be placed in the vertical load frame and the 
horizontal load frame must be positioned so that the loads may be applied in the vertical 
and horizontal directions relative to the specimen. Care should always be taken not to 
damage the specimen. The following steps are provided as a guide to placing the load 
frames in relation to the specimen: 
1) Place the test cell in the vertical load frame, with the vertical loading ram directly 
beneath the load cell of the vertical actuator. Turn the test cell slightly so that the 
connection rods of the vertical load frame will not impede the placement the 
LVDT’s.   
2) Position the vertical load frame so that the horizontal load frame can be 
positioned around it with the horizontal actuator in line with the four rods of the 
horizontal load transfer mechanism. 
3) Push the rods of the horizontal load transfer mechanism inward so that the rubber 
cushions almost touch the specimen. 
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4) Put the 12.7 mm (1/2”) ball bearings into the recessed cones of the rods of the 
horizontal load transfer mechanism, the application of a small amount of vacuum 
grease will cause the bearings to stay in place. 
5) Roughly position the actuator side and connection rods of the horizontal load 
frame around the test cell. 
6) Connect the reaction wall of the horizontal load frame to the connection rods. Use 
care not to force the rods of the horizontal load transfer mechanism into the 
specimen. Place the Teflon pieces beneath the feet of the horizontal load frame. 
7) Adjust the horizontal load frame connection rods so that the actuator side and the 
reaction wall side “striker” plates are close to contacting the rods of the horizontal 
load transfer mechanism. 
8) Level both sides of the horizontal load frame, by placing a magnetic level on the 
striker plates and adjusting the height with the adjustable feet and the distance 
between the sides with the connection rods. 
9) Align the horizontal load frame so that the actuator and reaction sides are parallel 
to the pressure jacket. This may be checked by measuring the distance from each 
corner of the pressure jacket to the horizontal load frame. 
The specimen is now in position for the loads to be applied in the vertical and horizontal 
directions 
5.6 Positioning of LVDT’s 
 The Six LVDT’s that have a linear range of 25.4 mm (1”) need to be positioned 
so that they will be in range throughout the test. Listed below are the steps for positioning 
the LVDT’s 
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1) The readings of the LVDT’s will be needed to position them correctly. All 
electronics should be powered at this point. The LabView program TTT will 
need to be opened and running.  
2) A small load will need to be applied in the horizontal direction before beginning 
the test. This load prevents the spring of the side LVDT from pushing the 
horizontal trolley to one side. It also ensures the rubber cushions are in contact 
with the specimen. A load of 100 N was deemed sufficient to accomplish these 
objectives without disturbing the specimen. The horizontal motor may be 
controlled in the TTT program by selecting the load control option in the motor 
control box. It can be directed under strain control and be switched to load 
control to keep it at 100 N. 
3) Each LVDT hole in the pressure jacket has a corresponding acrylic plate with a 
gasket in it and a slip ring attached to it. These acrylic pieces are bolted to the 
pressure jacket with four #6-32 x 12.7 mm (½”) bolts. These bolts should be 
loosened when the LVDT’s are inserted, and then be tightened when the LVDT 
is in position to ensure the pressure jacket does not leak around the LVDT. 
4) Zero all LVDT’s in the LabView program TTT.  
5) Insert LVDT S/N 41313 (designated as upper, plug number 2) into the top most 
hole in the pressure jacket. The LVDT must first be passed through the slip ring 
attached to the pressure jacket. Push the LVDT in until it reads approximately -
12.5 mm on its respective channel in the TTT program. The LVDT should be 
pulled back slightly to ensure that the slip ring stops it from backing out. 
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6) The same procedure is followed for the middle, lower, and side LVDT’s. Figure 
5.4 illustrates the LVDT designations and Table 5.1 lists the LVDT’s serial 
number, designation, and plug number. 
 
Figure 5.4: LVDT Designation 
 
Table 5.1: LVDT Information 
Serial Number Designation Plug No.
58194 Height Change 1 
41313 Upper 2 
46043 Middle 3 
46044 Lower 4 
58193 Side 5 
57458 Length Change 8 
 
7) In a typical vertical strain control test the vertical actuator will only move 
downward, so the LVDT measuring the movement of the vertical actuator (height 
change) should be set at the upper limit of its range (-25 mm). 
8)  In a typical vertical strain control test the horizontal actuator will primarily be 
moving toward the specimen but may need to move away from the specimen. 
The LVDT measuring this movement (length change) should be positioned at 
approximately ¾ of its full range (-18 mm). 
Upper 
Side Middle 
Lower 
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This concludes the positioning of the LVDT’s. The test cell is now ready to be 
pressurized. 
5.7 Pressurizing the Test Cell 
 The test cell must be filled with water and connected to the pressure control 
system to apply the desired confining pressure.  Listed below are the recommended steps 
to perform this task and a detailed procedure for operating the pressure control system.   
1) Connect a water supply line to the free valve of the bottom pressure plate. Make 
sure the valve at the top of the test cell is open to vent the test cell. Fill the test 
cell with water. When the test cell is full, stop the flow of water at the bottom 
pressure plate not the top. This will prevent the specimen from experiencing any 
unwanted confining pressure. 
2) Connect the pressure control system (Figure 3.5) to the test cell. 
3) Fill the exterior reservoir of the pressure control system with water; turn the 
regulator until 35 kPa (5 psi) is read on the pressure gauge, close the tank vent 
(valve B), switch valve A to tank, vent the reservoirs by opening valve C, and 
open valve E to tank. After the exterior reservoir is full close valve C, relieve the 
pressure from the tank, and vent it. 
4)  The interior reservoir should be approximately half full. To increase the water 
level follow the same procedure to fill the exterior reservoir except turn valve D 
to tank instead of valve E. To decrease the water level apply pressure to the 
reservoirs by adjusting regulator to desired pressure, closing the reservoir vent 
(valve C), switching valve A to reservoirs, and open valve E to the tank. The tank 
vent should be open (valve B).  
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5) The valves F and G should be open to (pointing toward) the DPT, and valves I, J, 
and K should be pointing to manual (upwards). 
6) Switch the regulated air pressure to the top of the reservoirs by closing valve C 
and turning valve A to reservoirs.  Connect the exterior reservoirs to the test cell 
by turning valve E downward to test.  Make sure that the valve on the test cell is 
open.  Bleed any air in the lines out by opening the vent in the top of the test cell.  
This may require a small amount of pressure to the top of the reservoirs.  Close 
the vent to the top of the test cell. 
7) Slowly increase the confining pressure while decreasing the vacuum by the same 
amount.  Once the vacuum is at zero, disconnect the vacuum line.  Make sure the 
specimen is vented to the atmosphere.  Continue to increase the confining 
pressure until the desired confining pressure is reached.   
8) Due to the time-dependent volumetric expansion of the pressure jacket, the test 
cell should be pressurized for thirty minutes prior to proceeding with the test.  
Fifteen minutes after the desired confining pressure has been obtained, switch 
from exterior reservoirs to the interior reservoirs.  This can be done by closing 
valve E and turning valve D to test simultaneously.  The confining pressure 
should be adjusted to ensure the specimen is experiencing the proper confining 
pressure.   
Completion of the above steps concludes the process of pressurizing the test cell 
5.8 Operating the LabView Software  
LabView controls both actuators and receives all instrument measurements. 
LabView should already be open and running for the placement of the LVDT’s. 
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Following is the recommended step for conducting a TTT test utilizing the LabView 
software.   
1. Enter the initial specimen height, length and width, and the desired strain rate and 
b-value at which the test will be conducted. 
2. In the motor control box, select the appropriate control, either vertical strain 
control or horizontal strain control.   
3. Zero all instruments except confining pressure and horizontal load.   
4. Release the vertical actuator and then the horizontal actuator by switching the 
appropriate stop motor control.  If the test is strained controlled in the vertical 
direction, wait until the vertical load has reached the 100 N horizontal seating 
load to release the horizontal actuator. 
5. The default setting for the motor is high speed; this control should be switched to 
low speed at approximately 1% major principal strain (ε1).  
6. The specimen should be monitored during testing to document the formation of 
shear bands. 
7. The test should be run to an ε1 of approximately 10%.  The test may be terminated 
before reaching 10% if the top and side platens contact each other. 
8. To terminate the test, stop both the vertical and horizontal actuators by selecting 
the appropriate stop motor command.  Switch the motor control selection to load 
control and command both motors to move up at a rate of approximately 10 
mm/min.  The actuators will stop when they reach their upper bounds.    
9. Select the stop button to terminate the program.   
This concludes the LabView portion of the test. 
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5.9 Disassembling the TTT Apparatus 
Upon termination of the LabView program, the test is complete and the TTT 
apparatus is ready to be disassembled.  The integrity of the specimen should be 
maintained for the purpose of photographic documentation of the sheer bands. 
1) Switch from internal to external reservoirs of the pressure control system by 
closing valve D and turning valve E to test.   
2) Decrease the confining pressure to the value at which vacuum will be applied.  
Connect the vacuum line to the specimen and apply the desired vacuum.  
Continue decreasing the confining pressure to zero.   
3) Disassemble the horizontal load frame by removing the reaction wall side. 
4) Drain the water from the test cell.   
5) Disassemble the test cell in the reverse order it was assembled. Care should 
be taken not to disturb the specimen.   
6) The specimen may be separated from the bottom pressure plate after the 
vacuum has been switched to an independent line. 
7) Document the specimen behavior by taking the desired photographs.   
8) The moisture content of the specimen should be taken as an indication of any 
leaks in the membrane.  To do this; take the tare weight of a pan, pour the 
sand from the specimen into the pan, take a wet weight of the pan and the 
specimen, dry in an oven for 24 hours, and take the dry weight of the pan and 
the specimen.   
9) Disassemble and clean all remaining parts of the TTT apparatus. 
This concludes the procedure to perform a test with the TTT Apparatus. 
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CHAPTER 6 
CALIBRATION AND VERIFICATION OF THE TTT APPARATUS 
6.1 Introduction  
 To calibrate and verify the accuracy of the TTT Apparatus several tests were 
conducted and their results analyzed. The trends of the TTT tests are compared with other 
related research. The calibration and verification of the TTT Apparatus may be divided 
into three sections: corrections, calculations, and analysis of results.  
6.2 Corrections 
 The corrections applied to the TTT Apparatus account for the factors affecting the 
results of the tests. These corrections cover three areas: volumetric corrections, friction 
corrections, and corrections due to the rubber cushions. 
6.2.1 Volumetric Corrections 
 The volume change of the specimen is measured by monitoring the amount of 
water that is drawn in or expelled from the test cell. A certain volume of water is needed 
to pressurize the system. With the rectangular prism pressure jacket this volume of water 
is substantial (approximately 250 cm3). This is due to the deflection of the walls of the 
pressure jacket. This expansion is not immediate, taking as much as ten hours before 
ceasing to expand. This amount of time was excessive to wait before running a test. It 
was determined through several tests that after an initial volumetric expansion period of 
30 minutes the rate of volumetric expansion may be approximated by the linear trend line 
of 0.05 cm3/min (Figure 6.1). Therefore; the volumetric expansion of the pressure jacket 
was accounted for by subtracting the volume change by 0.05 cm3/min multiplied by the 
time in minutes and multiplied by 1000 to convert to mm3. 
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Figure 6.1: Volumetric Data, 30 Minutes after 100 kPa Pressurization 
 
 The volume change must also be corrected for the volume of water displaced by 
the vertical loading ram, and the rods of the horizontal load transfer mechanism moving 
in or out of the test cell. The volumetric correction for the vertical loading ram is equal to 
the area of the ram (283.529 mm2) multiplied by the height change measured. Six 
horizontal rods move in and out of the test cell, four on one side and two on the other. 
The length change measures the combined amount both sides move in our out. This 
results in a volumetric correction for the horizontal loading mechanism equal to three 
times a single horizontal rod area (380.03 mm2) multiplied by the length change.  
6.2.2 Friction Corrections 
 The vertical loading ram and the rods of the horizontal load transfer mechanism 
all pass through o-rings to maintain the seal of the test cell. These o-rings induce a 
frictional force opposing the direction the rods move. Calibration tests were conducted by 
driving the vertical loading ram in and out of the test cell, an example of these results are 
presented in Figure 6.2. An average friction value of 15.57 N was determined. This full 
Straight Line 
Approximation 
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friction force was not induced instantaneously; a distance of 0.08 mm must be traveled to 
induce the full 15.57 N friction force. Using a straight line approximation to determine 
the friction force yields a value equal to 185.9 N/mm multiplied by the distance traveled 
in one direction, with an upper bound of 15.57 N and a lower bound of -15.57 N. This 
correction is applied in the LabView VI Friction Factor as illustrated in Figure 6.3.      
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Figure 6.2: Vertical Loading Ram Friction Test Results 
 
 
Figure 6.3: Vertical Loading Ram Friction Factor Portion of the LabView VI Friction 
Factor  
 
 The correction for friction of the horizontal rods is slightly more complex. Three 
friction forces had to be accounted for, the friction force between the four rods and the 
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test cell, the friction force between the two rods and the test cell, and the friction force 
between the horizontal load frame and the table. The direction of motion and the 
direction of the friction force for the actuator extending are illustrated in Figure 6.4. 
These directions are reversed when the actuator is unloading. 
Direction of Friction ForceDirection of Motion
Specimen
Figure 6.4: Friction Force Schematic (Some parts omitted). 
The average values of these friction forces and the distances required to achieve 
them are listed in Table 6.1. The friction forces and distances for the 2-rod side and the 
frame were added together and averaged with the values for the 4-rod side to determine 
the composite friction force and distance. These composite values result in a straight line 
approximation of 105.6 N/mm. This correction factor for the horizontal rods is applied in 
the LabView VI Friction Factor similar to that of the vertical loading ram (Figure 6.3) 
with a correction factor of 105.6 N/mm and upper and lower bounds of ±65.5 N. 
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Table 6.1: Friction Values 
Part 
Description 
Average 
Friction (N) 
Distance to 
mobilize (mm) 
Top Rod 15.57 0.08 
2-Rods 28.19 0.39 
Frame 36.82 0.48 
4-Rods 66.06 0.37 
Composite 65.5 0.62 
 
The friction between the rubber cushions, the membrane, and the aluminum end 
platens needed to be assessed. Tests were performed by using the vertical actuator to 
apply a normal force, and the horizontal actuator to provide a tension force to pull the 
rubber from between the test surface (Figure 6.5). 
  
Figure 6.5: Rubber Cushion Friction Test Setup 
Sand was glued to a block of balsa wood with a membrane stretched over it to 
create a mock specimen with similar texture for rubber to membrane friction testing. The 
tests conducted include: two surface interfaces, rubber-membrane and rubber-aluminum, 
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and two surface conditions, coated with Silicon oil, and coated with Lithium grease. The 
results of the rubber friction tests are tabulated below in Table 6.2 with the two interfaces 
in the rows and the two lubricants in the columns. 
Table 6.2: Coefficient of Friction Values 
 Silicon Oil Lithium Grease
Rubber-Aluminum 0.08 0.01 
Rubber-Membrane 0.51 0.04 
 
 The coefficient of friction between both interfaces using lithium grease as a 
lubricant was considered sufficiently low enough to minimize the effects of the boundary 
conditions on the specimen. This low coefficient of friction in conjunction with cutting 
the rubber cushions at a 45° angle at the top minimized the friction force opposing the 
downward motion of the top end platen to a point that it could be considered 
insignificant. 
6.2.3 Corrections Due to the Rubber Cushions 
 Tests were performed to quantify the amount of rubber compression under 
loading. A 50.8 mm (2”) x 50.8 mm (2”) x 12.7 mm (1/2”) thick piece of rubber was 
subjected to a vertical load in the thickness direction using the vertical actuator. The 
vertical deflection along with the horizontal deflections in both directions was measured 
by LVDT’s. These measurement in conjunction with the vertical load applied were used 
to calculate the modulus of elasticity (E=1734.4 kPa, Figure 6.6) and Poisson’s ratio 
(v=0.46, Figure 6.7). The Poisson’s ratio was considered close enough to 0.5 that no 
additional correction to the volume change is needed. The length change was corrected 
for the compressibility of the rubber cushions by dividing the horizontal stress by the 
modulus of elasticity and multiplying by the combined thickness of both rubber cushions. 
 74
Modulus of Elasticity - E 
y = 1734.4x
R2 = 0.9988
0
50
100
150
200
250
300
350
0.00 0.05 0.10 0.15 0.20
Vertical Strain εz (%) 
V
er
tic
al
 S
tre
ss
 (k
Pa
)
 
Figure 6.6: Modulus of Elasticity of Rubber Cushions 
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Figure 6.7: Poisson’s Ratio for Rubber Cushions 
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6.3 Calculations 
 The calculations performed for the analysis of the True Triaxial Test (TTT) can 
be grouped into three categories: pretest, during the test, and post-test. The beginning of 
the test refers to when LabView is initiated. 
6.3.1 Pretest Calculations 
 The pretest calculations that need to be performed verify the specimen dimensions 
and properties. The related information needed for these calculations is: 
• Average width of specimen (wo) 
• Average length of specimen (lo) 
• Average height of specimen (ho) 
• The tare weight of the mold assemble and all associated parts (tare) 
• The weight of the specimen with the mold assemble and all associated parts (tare 
+ specimen) 
• The specific gravity of the sand (Gs) 
• The minimum and maximum void ratios (emin, emax) 
 The following equations are used to calculate the relative density of the specimen: 
The initial volume (Vo) of the specimen, 
 Vo = lo * wo * ho  
The weight (W) of the specimen, 
 W = (tare + specimen)-tare 
The unit weight (γ) of the specimen, 
 γ=W / Vo 
The void ratio (e) of the specimen, 
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 e = (γ / Gs)-1 
The relative density of the specimen, 
 Dr = (emax – e) / (emax – emin) 
The average width, length, and height will be entered into the LabView program to make 
successive calculations, and the relative density is needed to compare results from 
different tests. 
6.3.2 Calculations Performed During the Test  
 Most calculations executed by LabView during the test are performed in the 
Calculations VI. This VI makes use of the formula node, which performs the following 
functions: receives inputs connected to the left side, allows remarks to be inserted with 
the format of /*remark*/, performs calculations of equations using the inputs and basic 
mathematic operators, and transmits the outputs of the equations to the right side. The 
formula node of the Calculations VI is presented in Figure 6.8. The node consists of 16 
inputs and 18 equations yielding 18 outputs. The inputs are listed with their source and a 
brief description below in Table 6.3. 
Table 6.3: Calculation VI Invoke Node Inputs 
Input Source Description 
Time Internal Clock Zeroed time from beginning of test (min) 
HorizRod Set Value Area of horizontal rods (d=12.7mm) divided by 2 =380.03 (mm^2) 
VertRod Set Value Area of vertical loading ram (d=19 mm) = 283.529 (mm^2) 
Membrane Set Value Membrane thickness = 0.3 (mm) 
Height Front Panel Average initial height of specimen (mm) 
Length Front Panel Average initial length of specimen (mm)  
Width Front Panel Average initial width of specimen (mm) 
bvalue Front Panel The desired b-value the test is to be ran at 
deltaH DAQ system The change in height measured by the Vertical LVDT (mm) 
DPT DAQ system The volume change measured by the DPT (cm^3) 
deltaL DAQ system The change in length measured by the horizontal LVDT (mm) 
Vertical load DAQ system The vertical load measured by the vertical load cell  (N) 
Horizload DAQ system The horizontal load measured by the horizontal load cell (N)  
ConfPress DAQ system The confining pressure measured by the APT (kPa) 
HFrictionFactor Friction Factor VI The horizontal friction force calculated by the Friction Factor VI (N) 
VFrictionFactor Friction Factor VI The vertical friction force calculated by the Friction Factor VI (N) 
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Figure 6.8: Formula Node of the Calculations VI  
Equation 1 corrects the horizontal load for friction acting in the horizontal 
direction and for the pressure acting on the area of the horizontal rods. Likewise equation 
2 corrects the vertical load for the friction resisting movement of the vertical loading ram 
and for the pressure acting on the area of the vertical loading ram. Equation 3 and 4 
correct the length and width for the thickness of the membrane. Equation 5 calculates the 
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original volume of the specimen from the height and the corrected length and width. The 
change in volume (Equation 6) is corrected for the vertical loading ram and horizontal 
rods moving in and out of the test cell, and for the volumetric expansion of the pressure 
jacket. The present height (Equation 7) is simply the original height minus the change in 
height. Equation 8 calculates the present length by subtracting the change in length from 
the corrected length and applying the correction due to the compressibility of the rubber 
cushions. The present volume (Equation 9) is simply the original volume minus the 
change in volume. The present width (Equation 10) is calculated by dividing the present 
volume by the present height and length. The stresses in the vertical and horizontal 
directions (Equations 11 and 12) are the addition of the confining pressure and the 
respective corrected loads divided by the present area of that face of the specimen. The 
vertical, horizontal, and volumetric strains (Equations 13, 14 and 15) are 100 times the 
change in respective values divided by their original values.  
The b-value is defined as b = (σ2 − σ3) / (σ1 − σ3) where: σ1 = major principal 
stress, σ2 = intermediate principal stress, and σ3 = minor principal stress. The TTT 
apparatus has the capability of running test either vertical strain controlled or horizontal 
strain controlled. The TTT LabView program controls the actuator in the direction that is 
not being strain controlled to maintain the b-value at the set constant value. Equations 16 
and 17 of the formula node in the Calculations VI calculate a target load in horizontal and 
vertical directions. The one in the direction not being strain controlled is used to 
command the associated actuator movement. The target horizontal load is derived from 
the definition of the b-value with σ1 being the vertical stress, σ3 being the confining 
pressure, and σ2 being the horizontal stress. The horizontal stress is further reduced to the 
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horizontal load divided by the present height times the present width. Solving for the 
horizontal load and applying the appropriate correction for friction, pressure, and unit 
conversions yields Equation 16. The target vertical load for horizontal strain controlled 
tests is calculated much the same way except; σ1 = horizontal stress, σ2 = vertical stress 
with the vertical stress being divided by the present length times the present width 
(Equation 17). Equation 18 calculates the b-value for a vertical strain controlled test. 
Calculations are also performed during the test in the Motor Control VI. These 
calculations determine the velocity of the actuators. When the actuator is strain controlled 
the following calculations are made: the strain rate from the front panel of the TTT VI is 
divided by 100 to convert it to from percent to decimal form, this value is divided by 60 
to convert from strain rate per minute to strain rate per second, this value is multiplied by 
the height for vertical strain controlled and by length for horizontal strain controlled, this 
value is then multiplied by a calibration factor of 155100 to convert it to counts per 
second to command the actuator.  
For load control the Horizontal and Vertical Load Speed VI’s calculate the speed 
of the actuator by the following equation: Speed=Max*(Target-Read)/SlowdownLoad, 
where Max is the maximum speed selected for the motor (40,000 for high speed and 
20000 for low speed), Target is the target load associated with the actuator, Read is the 
load cell reading associated with the actuator, and “SlowdownLoad” is the load at which 
the actuator starts slowing down (250 N). When the load cell reading is greater than the 
target load the equation becomes: Speed=Max*(Read-Target)/SlowdownLoad and the 
direction of the actuator is reversed. Calculating the speed in this manner allows for the 
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actuator to run at full speed until it approaches within 250 N of the desired target load 
then slows down as it comes closer so it will not overshoot the desired load.  
6.3.3 Post-test Calculations 
 After the test has been completed, a file exists with the following data recorded 
throughout the test: time, front panel inputs, instrument readings, equation output, and 
vertical and horizontal motor speeds. The data should be truncated to eliminate all data 
before compression began and after compression ceased. For vertical strain controlled 
tests, major principal will refer to vertical and intermediate principal will refer to 
horizontal. Likewise for horizontal strain controlled tests, major principal will refer to 
horizontal and intermediate principal will refer to vertical. The minor principal stress is 
equal to the confining pressure. The major principal and intermediate principal stress 
ratios should be calculated by dividing the major principal and intermediate principal 
stresses by the minor principal stress. The b-value may be determined from the following 
equation b= (σ2 − σ3) / (σ1 − σ3) where: σ1 = major principal stress, and σ2 = intermediate 
principal stress, σ3 = minor principal stress. For graphing purposes a zeroed major 
principal strain (ε1) calculation may be required if σ1 began to increase slightly after the 
strain controlled actuator initiated movement. This may be done by subtracting the strain 
the onset of load from all subsequent strain values. These calculations can easily be 
preformed in a worksheet type software environment by copying the formulas for each of 
these calculations for all rows of data.    
 The maximum values for σ1 and σ2 and stress ratios need to be determined. The 
major principal strain at which these occur is also needed for comparison. The friction 
angle (φ) is calculated from sin φ = (σ1 − σ3 ) / (σ1 + σ3 ). Τhe rate of dilation is 
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calculated by the difference in volumetric strain (dεv) divided by the difference in major 
principal strain (dε1).  
6.4 Experimental Results 
 The results of nine tests are presented as verification of the capabilities of the TTT 
apparatus. The material tested was fine grained, subrounded white silica (quartz) sand 
processed by the Ottawa Industrial Silica Company, commonly known as F-75 silica 
sand, with the following properties: d50=0.22 mm, Gs=2.65, emax=0.78, and emin=0.52. 
The results of all test conducted are presented in Table 6.5. The tests were conducted at 
set b-values from 0 to 0.75, with the average b-value throughout the entire test varying as 
much as 4%. All tests were conducted at a confining pressure of 100 kPa. The specimen 
density data is presented as the void ratio (e) and the relative density (Dr). The moisture 
content (M%) was measured upon completion of each test to indicate whether a leak in 
the specimen was present. Test E, G, and H had leaks, with the leak in test H being the 
most severe. The volumetric data for these tests was adjusted for the leaks.  
The average minor principal stress throughout the test is designated as σ3. The 
peak values for the major principal  and intermediate principal stresses (σ1, σ2), and stress 
ratios (σ1/σ3, σ2/σ3) are presented, with the major principal strain (ε1) at which they 
occur. The maximum positive volumetric strain indicates the maximum contraction, and 
the minimum negative volumetric strain represents the maximum dilation. The peak 
friction angle (φp) was calculated from the maximum σ1 and σ3. The critical state friction 
angle (φCS) was calculated by dividing the residual σ1 by σ3. The maximum rate of 
dilation is also presented in Table 6.5. 
 
 82
 
Table 6.5: Tabulated Data from All Tests 
TEST A B C D E F G H I 
SET b 0.00 0.1 0.25 0.5 0.5 0.5 0.75 0.75 0.75 
Average Measured  b 0.01 0.10 0.26 0.48 0.48 0.49 0.73 0.73 0.74 
eo 0.564 0.575 0.568 0.574 0.567 0.574 0.566 0.574 0.568 
Dr % 83 79 81 79 82 79 82 79 82 
M % 0.02 0.04 0.02 - 0.40 0.05 1.57 9.95 0.02 
σ3 101 101 100 101 101 101 101 97 100 
Peak σ1 527 613 650 657 591 665 706 703 683 
Peak σ2 104 154 229 380 335 371 515 527 527 
Peak σ1/σ3 Ratio 5.25 6.07 6.50 6.51 5.89 6.62 7.06 7.18 6.84 
Peak σ2/σ3 Ratio 1.03 1.52 2.29 3.76 3.35 3.71 5.22 5.41 5.28 
ε1 at Peak 3.09 3.26 1.81 1.80 1.45 1.43 1.56 1.44 1.25 
Max εv 0.13 0.14 0.14 0.12 0.20 0.18 0.32 0.33 0.18 
Min εv -3.97 -1.52 -0.95 -0.68 -0.44 -0.56 -1.48 -0.43 -0.96 
Peak Friction Angle, (°) 42.7 45.7 47.1 47.1 45.1 47.5 48.6 49.2 48.1 
CS Friction Angle 41.1 33.9 38.5 37.1 35.5 39.3 41.3 38.8 41.5 
Max Rate of Dilation 0.84 1.75 1.74 1.98 1.50 1.59 4.55 2.44 1.53 
 
 
The stress-strain response and volumetric strain data are presented for each test in 
Figures 6.9 through 6.26. The basic stress-strain response in each test was an increase in 
stress to a peak value followed by a substantial softening to a stable value. The residual 
stress is calculated as 65% of the peak stress with a standard deviation of 5%. Test A, 
with a zero b-value, did not exhibit this behavior. The stress strain response in Test A 
increased more gradually to a steady value without substantial softening. 
 The designation for the volumetric data is positive volumetric strain represents 
contraction. The volumetric data for each test exhibited the same trend; initial contraction 
followed by dilation and then a critical state. This is the expected behavior, since 
specimens have a relative density of 81 ± 2% demonstrating dense properties. Test A 
continued to dilate after the initial contraction occurred.   
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Figure 6.9: Principal Stress Ratio versus ε1 for Test A 
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Figure 6.10: Volumetric Strain versus ε1 for Test A 
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Figure 6.11: Principal Stress Ratio versus e1for Test B 
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Figure 6.12: Figure 6.10: Volumetric Strain versus ε1 for Test B 
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Figure 6.13: Principal Stress Ratio versus ε1 for Test C 
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Figure 6.14: Volumetric Strain versus ε1 for Test C 
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Figure 6.15: Principal Stress Ratio versus ε1 for Test D 
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Figure 6.16: Volumetric Strain versus ε1 for Test D 
 
 
 87
TEST E (b=0.5)
0
1
2
3
4
5
6
7
8
0 1 2 3 4 5 6
ε1 (%)
Pr
in
ci
pa
l S
tre
ss
 R
at
io
Major
Intermediate
 
Figure 6.17: Principal Stress Ratio versus ε1 for Test E 
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Figure 6.18: Volumetric Strain versus ε1 for Test E 
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Figure 6.19: Principal Stress Ratio versus ε1 for Test F 
 
 
TEST F (b=0.5)
-2.0
-1.5
-1.0
-0.5
0.0
0.5
0 1 2 3 4 5 6
ε1 (%)
V
ol
um
et
ric
 S
tra
in
 (%
)
 
Figure 6.20: Volumetric Strain versus ε1 for Test F 
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Figure 6.21: Principal Stress Ratio versus ε1 for Test G 
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Figure 6.22: Volumetric Strain versus ε1 for Test G 
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Figure 6.23: Principal Stress Ratio versus ε1 for Test H 
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Figure 6.24: Volumetric Strain versus ε1 for Test H 
 
 
 
 91
TEST I (b=0.75)
0
1
2
3
4
5
6
7
8
0 1 2 3 4 5 6
ε1 (%)
Pr
in
ci
pa
l S
tre
ss
 R
at
io
Major
Intermediate
 
Figure 6.25: T Principal Stress Ratio versus ε1 for Test I 
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Figure 6.26: Volumetric Strain versus ε1 for Test I 
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The general trend was an increase in stress and a decrease in major principal 
strain (ε1) at peak with an increase in b-value (Figures 6.27-6.29).  The peak friction 
angle also tends to increase as b-value increased (Figure 6.30). Excluding the test 
conducted at a b-value of 0.0, which did not exhibit softening behavior, the critical state 
friction angle followed the same trend as the peak friction angle.  The volumetric strain 
versus b-value trend indicates that lower b-value specimens dilate as much as four times 
more than those at a higher b-value (Figure 6.31). 
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Figure 6.27: A Summary of Principal Stress Ratios (σ1/σ3) versus ε1  
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Figure 6.28: Maximum Major Principal Stress Ratio (σ1/σ3) versus b-Value Trend 
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Figure 6.29: Major Principal Strain (ε1) at Peak Stress versus b-Value Trend 
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Figure 6.30: The Relationship between b-Value and Friction Angle 
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Figure 6.31: Volumetric Strain (εv) versus b-Value 
 
The LVDT measurements are used to track the shear band formation in the 
specimen. An example of this documentation is presented in Figure 6.32 for Test E.  
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Figure 6.32: LVDT Measurements for Test E 
 
A picture of the specimen with the location of 
the LVDT’s is provided in Figure 6.33 to assist 
in visualizing the manner in which the LVDT’s 
monitor the specimen deformation during shear 
banding. The side LVDT measures the 
displacement of the horizontal trolley assembly. 
In Figure 6.32 the upper and middle LVDT’s 
displacements coincide up to the peak stress, 
suggesting uniform deformation of the specimen. 
After the peak stress, the middle and lower 
LVDT (measuring the displacement of the vertical trolley assembly) begin moving in the 
opposite direction of the upper LVDT. This suggests the formation of a shear band with 
the bottom wedge moving away from the LVDT’s. The middle and lower LVDT 
coinciding with one another suggest a minimal amount of slippage between the specimen 
ε1 at Peak Stress 
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Middle 
Figure 6.33: Specimen E with 
LVDT Locations 
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and the bottom end platen. After initially being stationary the side LVDT begins moving 
with the middle and lower LVDT’s. This indicates that the horizontal trolley moved with 
lower wedge of the specimen divided by the shear band.  
If the shear band formed in the opposite direction of the one in Test E the LVDT’s 
did not capture the movement of the two wedges. The LVDT measurements of Test C are 
provided as an example of this case (Figure 6.34).    
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Figure 6.34: LVDT Measurements for Test C 
 
After the peak stress, all LVDT’s measure 
movement in the same direction. This in 
combination with the LVDT positions (Figure 
6.35) indicate that all LVDT’s track the 
movement of the bottom wedge created by the 
shear band. The addition of more LVDT’s to 
the opposite of the pressure jacket could 
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Figure 6.35: Specimen C with 
LVDT Locations 
ε1 at Peak Stress 
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ensure tracking of the top and bottom wedges of the specimen.  
The average b-value for each test did not correspond exactly with the set b-value. 
Two instances in each test occurred when the actual b-value differed from the set b-value; 
in the early stages of the test when σ1 was increasing rapidly, and at the peak σ1 when σ1 
decreases abruptly (Figure 6.36). The cause of this difference in b-value is that the 
actuator supplying σ2 is not reacting fast enough to maintain the desired b-value. The 
three factors affecting this reaction time are; the strain rate at which the test is being 
conducted and the maximum and “slowdown” speed set in the respective load speed VI’s. 
If the actuator moves too fast or does not slow down fast enough it will overshoot the 
target load and begin oscillating about the target load. The easiest factor to alter is the 
strain rate at which the test is conducted.        
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Figure 6.36: b-value versus ε1 for Test B 
 
 In comparing the results of the tests conducted using the TTT Apparatus 
developed in this research with the results of test conducted by Wang and Lade (2001) 
and Green (1976) similar trends in stress strain response and volumetric behavior were 
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recognized over the range of b-values tested. The intermediate strain (ε2) trends vary 
when compared to the results of these authors. The intermediate strain (ε2) decreases after 
peak in the tests conducted in this research (Figure 6.37). Neither Wang’s nor Green’s 
research indicate a reduction in ε2. After the σ1 peak, σ2 should be reduced to ensure the 
b-value is held constant. This would imply that ε2 should decrease to a steady state 
similar to that of the stress-strain response. The friction angle data obtained during this 
research corresponds well with the results of true triaxial test obtained by various authors 
(Wang and Lade 2001). 
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Figure 6.37: Intermediate versus Major Principle Strain 
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CHAPTER 7 
SUMMARY AND RECOMMENDATIONS 
7.1 Summary 
The TTT apparatus performs all the required functions. A horizontal and vertical 
loading system was created capable of inducing major and intermediate principal stresses 
on a rectangular prismoidal specimen. A user friendly LabView program was written that 
immediately displays all the instrument readings and calculation outputs in a well-
organized easy to read format, and commands the actuators to move in a way that the b-
value is maintained throughout the entire test. A robust data acquisition system that 
provides instantaneously conditioned instrument readings has been constructed. An easy 
to use pressure control system capable of supplying the required cell pressure and volume 
change measurements has been built. A step by step procedure for conducting TTT has 
been written, and all corrections and calculations have been documented. The trends 
established by the verification tests compare well with the trends of other researchers. In 
summary, the development of the TTT apparatus was a success.    
7.2 Recommendations  
The tests conducted for this research were for the calibration and verification of the 
apparatus. Numerous possibilities exist for further research with the TTT apparatus, 
several recommendations are; 
• All future tests should be conducted at a strain rate of 0.1% or lower. 
• The tests that had leaks should be conducted again to verify the adjustments made 
for the leaks were correct.  
• Conduct tests at a wider range of b-values to further investigate the trends. 
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• Conduct verification tests using a non-compressible “dummy” specimen to verify 
the compression of the rubber cushions corrections and volume change 
measurements. 
• Conduct verification tests using a easily compressible “dummy” specimen to 
verify the minimal effects of the rubber cushions on the vertical load. 
• Conduct tests with the horizontal direction as the major principal axis. 
• Addition of LVDT’s to the other side of the pressure jacket to better track the 
specimen and shear band response. 
• Manufacture additional blocks and brakes for the trolley assemblies to investigate 
the effects of free end restraints compared to fixed end restraints. 
• Specimens of different densities may be tested to investigate the affects of density 
on the results. 
• Tests may be conducted at different confining pressures to investigate how the 
confining pressure affects the results.  
•  Software additions may be made to use the computer automated pressure control 
more complex loading conditions with varying minor principal stress. 
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APPENDIX C 
TESTNET ACTIVEX SERVER DESCRIPTION AND CLIENT.INI FILE 
 
General Information 
 
TestNet ActiveX server is an in-process COM (OLE) server that provides object-oriented 
binary interface for accessing various components of a TestNet network.  It is compatible 
with any development environment that provides access to Microsoft COM framework 
such as Visual C++, Delphi, Visual Basic, Java, LabWindows, and LabView.   
 
There are two global classes offered by TestNet server, Network and Database.  These 
classes are global (static) in the sense that you do not have to explicitly create objects 
from these classes in order to call their methods.  The other three classes Adc, Servo, and 
Sensor are not creatable, that is you cannot directly create objects of these types.  Instead, 
you have to call Add() method of corresponding collection in Network object to obtain a 
valid reference.  Once you obtain valid reference to the object of appropriate type you can 
set properties and call methods of this object.  Please refer to Section 2.2 for more 
information.   
 
IMPORTANT:  This ActiveX server was developed using Apartment threaded model in 
Visual Basic.  Care should be taken when using it in a true multi-threaded environment 
since it is not thread safe (just as VB is not thread safe).  As a rule of thumb you should 
never make calls to this server from more than one thread.  
 
The following legends are used in this document: 
RT – Return type 
RO – Read Only 
RW – Read Write 
WO – Write Only 
Int – 16 bit signed integer 
Long – 32 bit signed integer 
Double – Double precision floating point 
Sting – Null terminated character array 
Bool – Boolean type with only two possible values True or False 
None – Void type (as in C) 
 
1.0 Class Network 
 
This class deals with TestNet network.  In addition to network related properties such as 
serial port number and baud rate, it contains three collection classes.  These collection 
classes are used to create and manage objects of appropriate type.  Here is a partial list of 
most frequently used properties and methods of Network class.    
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1.1 Properties 
 
LicenseKey (RT String, RW) 
 This is a unique key assigned to each user by Geotac.  Do not use a different key 
or else activation will fail 
 
PortNumber (RT Integer, RW) 
 Serial (COM) port number. COM1 is 1 and so on. 
 
BaudRate (RT Long, RW) 
 The default baud rate of 19200 is adequate for most applications 
 
Ready (RT Bool, RO) 
 This flag is set to True only after the network communication is initialized 
 
Adcs (RT Adcs, RO)  
Collection of all Adc modules on the network 
 
Servos (Return Type Servos, Read Only)  
Collection of all Servo modules on the network 
 
Sensors (Return Type Sensors, RO)  
Collection of all Sensors on the network 
 
1.2 Methods 
 
Initialize() (RT Bool) 
 This method needs to be called only once before any commands can be sent to 
individual modules on the network.  This method checks license, opens serial port and 
establishes communication with modules on the network.  It also calls Initialize method 
of every module on the network.  If the network configuration is restored from an INI file 
then this method is automatically called when Load method of Database class is 
executed.  It returns False if initialization fails due to any reason (hardware problems, 
wrong activation code etc.)   
 
EditModules() (RT None) 
 Displays module edit window.  Most TestNet hardware related settings can be 
changed through this window.  All the windows displayed by this server are modal 
windows i.e. they will block the thread of execution of calling process until the window 
is dismissed. 
 
EditSensors() (RT None) 
 Displays sensors edit window.  All sensor related settings can be changed through 
this window. 
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2.0 Class Adcs 
This is a collection class that represents group of all Adc modules on the network.  It is 
owned by the Network class and hence you do not need to create an Adcs object directly.  
The methods of this class are used to manage the collection and obtain reference to any 
Adc in the collection.  Other collection classes follow the same pattern.     
2.1 Properties 
 
SelectedItem (RT Adc, RW) 
 At any given time there is one Adc in the collection that is designated as 
‘selected’.  This property is used to set or get a reference to that Adc 
 
Count (RT Long, RO) 
 Number of Adc in the collection 
 
2.2 Methods 
 
Add(Key As String, Before As String, After As String) (RT Adc) 
 This is the most important method of the collection class.  Before you can obtain 
reference to any valid object of type Adc, you need to add it to the collection.  Each Adc 
is identified by a unique key which is supplied while calling Add method.  Remember 
and Adc needs to be added to the collection only once, if you try to call this function 
twice with the same key you will get an error.  After an object it is added, reference to it 
can be obtained any time by calling Item method with the identifying key.  Optional 
parameters Before and After parameters are used to control the insertion location in the 
network chain.  If you do not supply them the module is inserted at the end of the chain.  
It is important to make sure that network addresses are assigned properly to ensure that 
module order in the software matches the physical (hardware) order.  This function, if 
successful, returns a reference to the newly added Adc, otherwise it returns Null. 
 
Remove (Key As String) (RT None) 
 Removes Adc identified by the Key.  You will get and error message if the Adc 
does not exist. 
 
Item (Key As String) (RT Adc) 
 Returns a reference to the Adc identified by the key.  If the Adc does not exist you 
will get and error message and a null type will be returned.  Therefore it is very important 
to pass correct string and, if possible, check the returned object to make sure it is valid 
before making any calls to it.  The server uses COM reference counting mechanism to 
ensure that an Adc object is not released from memory while it is still being used.  To 
make sure that all objects are destroyed properly you need to make sure that any 
reference obtained using Add or Item method is released by your program when it is not 
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needed.  One way to do this is to consistently use local variables that are guaranteed to be 
destroyed when calling method quits.  
 
This is also the default method of Adcs class, i.e. instead of 
Network.Adcs.Item(“My ADIO”) you can call Network.Adcs(“My ADIO”) and it will 
still work. 
 
Clear() (RT None) 
 Clears the entire collection and destroys all objects in the collection.  Normally 
you do not need to call this method directly. 
 
 
3.0 Class Servos 
 Just replace word Adc in Section 2 by Servo. 
 
4.0 Class Sensors 
 Just replace word Adc in Section 2 by Sensor. 
 
5.0 Class Database 
 This is a helper class that implements object persistence using INI file as storage 
mechanism.  It also allows user to save and restore custom settings to the same INI file.  
Windows INI files are text files that follow a Section, Key, Value pattern.  Sections are 
marked by strings withing square brackets (e.g. [My Section]) and key-value pairs appear 
as ‘key=value’ statements under each section.  Anything you want to save in this file has 
to be converted to string first.  
5.1 Properties 
 
FileName (RT String, RW) 
 Fully qualified file name of the INI file (e.g. “C\My Documents\Trial.ini”).  The 
activation code issues by Geotac depends on this path AND identity of the computer on 
which the program is installed.  Once you obtain an activation code for a given computer 
please use the same INI file location.  
 
5.2 Methods 
 
Load() (RT Bool) 
 Restores network related settings from the file.  It also performs all initialisation 
activities and returns True if successful.  The usual pattern is to check for the INI file and 
call the load method if it exists.  If not, you should call a local method whose function is 
to create the necessary objects and then call save method to freeze it on the disk for later 
use. 
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Save() (RT None) 
 Saves network related settings to the file.  Any changes made to network 
configuration, either programmatically or through user interface, will not be saved to INI 
file until this method is called. 
 
DeleteSection (Section As String) (RT Bool) 
 Deletes entire section specified by the Section and returns Ture if successful. 
 
DeleteKey(Section As String, Key As String) (RT Bool) 
 Deletes Key along with its value. 
 
WriteValue(Section As String, Key As String, Value As String) (RT Bool) 
 Writes the value. 
 
GetValue(Section As String, Key As String, Default As String) (RT String) 
 Returns the value corresponding to Section, Key combination specified in the 
input parameters.  If the optional parameter Default is supplied and if either the Section 
or Key does not exits, the return value will be set to Default.  Otherwise a null will be 
returned. 
 
  
6.0 Class Adc 
 Adc represents and analog-to-digital converter module on the network.  In order 
to read voltage from a particular channel you can directly talk to the Adc.  However, a 
better approach is to add a sensor, assign it to a particular Adc and Channel location and 
then call Read method of the sensor.  
6.1 Properties 
 
Name (RT String, RW) 
 Each Adc is identified on the network by a unique name.  This name is set to 
same value as the Key parameter used while adding the module to the network 
 
Address (RT Integer, RW) 
 Each module has a unique address on the network.  The module farthest from the 
computer has the lowest address (1) and addresses increase by one for each additional 
module.  The termination switches on this module should be in on position while those of 
all other modules should be turned off (refer to hardware documentation for further 
information).  The assigned addresses should reflect the underlying physical network or 
else communication will fail 
 
Removable (RT Bool, RW) 
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 Indicates if it is possible to remove this module through edit module window (see 
Section 1.2).  If it is set to False any attempt to remove this module through user interface 
will fail 
 
GainFactor (RT Double, RW) 
 Refer to Adc hardware documentation for Gain factor, Excitation, and Range 
related information 
 
Excitation5 (RT Double, RW) 
 
Excitation10 (RT Double, RW) 
 
Range(index As Integer) (RT Double, RW)  
 
Channel (RT Integer, RW) 
 A left hand assignment (myAdc.Channel = 2) switches the multiplexer to 
specified channel.  A right hand assignment (curr_ch = myAdc.Channel) will return 
current channel 
 
Volt (RT Double, RO) 
 Returns voltage reading for the currently selected channel.  However, to obtain a 
fresh reading you MUST call GetStatus method first.  Instead to taking this approach is 
highly recommended that you create sensors and then call Read method of appropriate 
sensor instead.  
 
6.2 Methods 
 
Initialize() (RT Bool) 
 This function is called once right after Network is initialized.  You do not have to 
call this directly. 
 
Configure() (RT None) 
 This function is called anytime hardware configuration of Adc (range, data rate 
etc.) changes.  However, it is better to change these parameters through user interface by 
calling either Network.Edit or Edit method of relevant Adc directly (see below). 
 
GetStatus() (RT Bool) 
 Updates the status of Adc, i.e. reads current channel and IO values.  Again it is 
better to read channels indirectly through Sensors. 
 
Edit() (RT None) 
 This function will display a window through which user can manipulate Adc 
settings.  It is possible to get the same window also through EditNetwork method of 
Network.  The window is a modal window, that is it will block the execution until 
dismissed. 
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Test() (RT None) 
 This function will display a window through which user can test workings of an 
Adc.  This is very useful for diagnostic purposes.  It is possible to get the same window 
also through EditNetwork method of Network. 
 
 
7.0 Class Servo 
 This class represents a DC servo amplifier-motor combination on the network.  
You can read the status of the motor and command it to perform desired action through 
properties and methods of this class.  All Geotac devices are powered by brush-type DC 
servo motors fitted with optical encoder for position and velocity feedback.  The servo 
circuitry keeps track of motor speed and position by counting how many times the 
encoders count changes.  There are 2000 counts for every revolution of motor shaft.  The 
maximum possible motor velocity is about 110000 counts/second (3300 rpm).  The 
minimum velocity is about 500000th of that.  The encoder count is a signed 32 bit integer, 
that means it can keep track of motor position for more than a million revolutions in 
either direction.   
7.1 Properties 
 
Name (RT String, RW) 
 Each Servo module is identified on the network by a name.  This name is set to 
same value as the Key parameter used while adding the module to the network 
 
Address (RT Integer, RW) 
 Each module has a unique address on the network.  The module farthest from the 
computer has the lowest address (1).  The termination switches on this module should be 
in on position while those of all other modules should be turned off (refer to hardware 
documentation for further information)  The assigned addresses should reflect the 
underlying physical network or else communication will fail 
 
Removable (RT Bool, RW) 
 Indicates if it is possible to remove this module through edit module window.  If it 
is set to False any attempt to remove this module through user interface will fail 
 
Ready (RT Bool, RO) 
 A flag indicating if servo is ready to accept a new motion command.  There are 
two basic modes of operation: velocity control mode and position control mode (actually 
there is a third mode call direct PWM but it is used only for diagnostics).  In velocity 
control mode, motor is issued a command (RunMotor) to move at a certain velocity.  This 
command can be issued to a motor anytime, whether it is standing still or in motion.  
Under velocity control mode the Ready flag will always be set to True.  However, in 
position control mode, a motor is issued a command to go to a specified encoder position 
at specified velocity.  The Ready flag is set to False and motor starts executing the 
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command.  The Ready flag remains False until the move is finished or motion is 
interrupted by a stop command 
 
Position (RT Long, RO) 
 This is a read-only parameter indicating the current encoder position.  The 
encoder position is a 32 bit long number.  It will roll over when it reaches maximum or 
minimum value.  However, for all practical purposes this should never happen i.e. you 
will hit the limit switch before that happens 
 
Velocity (RT Long, RO) 
 This is a read-only parameter indicating the current motor velocity in counts per 
second 
 
LimitA (RT Int, RO) 
 This is a read-only parameter indicating status of limit switch A.  It is 0 if switch 
is open and 1 if it is tripped.  The hardware limit switches provide a fail safe operation 
even if the computer is hung up after issuing a motion command 
 
LimitB (RT Int, RO) 
 This is a read-only parameter indicating status of limit switch B 
7.2 Methods 
 
Initialize() (RT Bool) 
 This method is called once right after network initialization.  You do not have to 
call this method. 
 
SetGains() (RT Bool) 
 Again, no need to call this method directly. 
 
StepMotor(TargetPosition As Long, TargetVelocity As Double, TargetAccleration 
As Double) (RT Bool) 
 Moves the motor in position control mode.  The Ready flag is set to False until 
the move is complete or interrupted by a StopMotor command.  It produces a trapezoidal 
profile, i.e. staring from at-rest position, motor accelerates at the specified rate until it 
achieves the target velocity.  Then it runs at this velocity until it approaches the target 
position.  It will then decelerate to a stop position using the same value of acceleration.  If 
acceleration value is too small or if the step is small the trapezoid may actually look like 
a triangle and motor may never reach terminal velocity.  The basic unit of measurement is 
encoder tick and the unit of time is second.  That is velocity is in encoder counts per 
second.  This method returns True if successful.   
 
RunMotor(TargetVelocity As Double, TargetAccleration As Double, Direction As 
dsDirection) (RT Bool) 
 Moves the motor in constant velocity mode.  Direction of motion is indicated by 
enumerated type dsDirection (see last section for all enumerated types and their integer 
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equivalent).  Motor will accelerate (or decelerate) from its current speed at the target 
acceleration until it is running at target velocity.  It will then keep running at that speed 
until stopped.  The method returns True if successful. 
 
RunPWM(PowerValue As Integer, Direction As dsDirection) (RT Bool) 
 This commands the amplifier to send a raw voltage to the motor.  The 
PowerValue can vary from 0 (no power) to 255 (full power).  There is no reason to use 
this mode during normal operation. 
 
StopMotor(Mode As dsStopMode) (RT Bool) 
 Stops the motor.  If stop mode is dsAbrupt the motor could stop violently.  It is 
good to stop the motor using dsSmooth unless it’s moving very slowly. 
  
ResetPosition() (RT Bool) 
 Resets the encoder count to zero.  It is possible to issue this command when the 
motor is running in velocity mode but it is better to do so when motor is not moving. 
 
GetStatus() (RT Bool) 
 This command updates encoder position, velocity and limit switches status.  You 
must call this method every time you want to get the most recent values of these 
parameters. 
 
Edit() (RT None) 
 This function will display a window through which user can manipulate Servo 
settings.  It is also possible to get the same window also through EditNetwork method of 
Network.  The window is a modal window, i.e. it will block the execution until 
dismissed. 
 
Test() (RT Bool) 
 This function will display a window through which user can test workings of a 
Servo.  This is very useful for diagnostic purposes.  It is possible to get the same window 
also through EditNetwork method of Network. 
 
 
8.0 Class Sensor 
 This class represents a sensor object attached to the network.  A sensor is defined 
as any device that outputs voltage signal in response to a physical stimulus.  A sensor 
must be associated to one of the channels of one of the Adc modules on the network.  
Also, two sensors cannot occupy the same location. 
8.1 Properties 
 
Name (RT String, RW) 
 Each sensor is assigned a unique name 
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ID (RT String, RW) 
 Each sensor is identified by a unique ID 
 
Removable (RT Bool, RW) 
 If a sensor if flagged as Removable, the user can remove it through user interface 
 
Adc (RT String, RW) 
 Name of the Adc the sensor is connected to 
 
Channel (RT Int, RW) 
 The channel sensor is connected to 
 
Unit (RT String, RW) 
 Engineering unit of measurement (inch, psi, kPa, etc.) 
 
CalibFactor (RT Double, RW) 
 Calibration factor is used to convert raw voltage reading to engineering units.  It 
is expressed as unit/V/Ve where Ve is excitation voltage.  Please refer to hardware 
documentation for further information 
 
Zero (RT Double, RW) 
 Sensor reading in volts when sensor is in unexcited state 
 
Excitation (RT Double, RW) 
 Excitation (inout) voltage.  For ratiometric sensors output is directly proportional 
to excitation voltage 
 
ExcitationSource (RT ssExcitationSource, RW) 
 There are three possible excitation sources, 10V internal, 5V internal, or external.  
Refer to hardware documentation for further information 
 
MaxReading (RT Double, RW) 
 Maximum sensor reading in engineering unit.  If sensor exceeds this reading then 
OverStress flag is set 
 
MinReading (RT Double, RW) 
 See MaxReading 
 
Reading (RT Double, RO) 
 Sensor reading in engineering unit.  You must call Read method first in order to 
get the most recent reading 
 
Volt (RT Double, RO) 
 Sensor reading in voltage 
 
OverStress (RT ssOverStress, RO) 
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 Enumerated type (see Section 9) that indicates if the last reading was between 
Maximum and Minimum or exceed these limits 
 
8.2 Methods 
 
Read() (RT Boolean) 
 This method will read the appropriate channel and update sensor reading and 
voltage values. 
 
TakeZero() (RT Boolean) 
 Takes 10 readings in a rapid succession and assigns the average as new sensor 
zero.  You have to make sure that sensor is not loaded before calling this method. 
 
Edit() (RT None) 
 This function will display a window through which user can change Sensor 
settings.  It is also possible to get the same window also through EditSensors method of 
Network.  All windows are modal, i.e. they will block calling function until dismissed. 
 
Test() (RT None) 
 Displays a window showing sensor reading, voltage, and zero.  Allows user to 
take zero by clicking a button on this window. 
  
 
9.0 Enumerations 
 
Public Enum adIoDirection 
 adOutput=0 
adInput=1 
End Enum 
 
Public Enum dsDirection 
 dsPositive=0 
 dsNegative=1 
End Enum 
 
Public Enum dsStopMode 
 dsAbrupt=0 
 dsSmooth=1 
End Enum 
 
Public Enum ssExcitationSource 
 ss10Volts=0 
 ss5Volts=1 
 ssExternal=2 
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End Enum 
 
Public Enum ssOverStress 
 ssNone=0 
 ssMaxLimit=1 
 ssMinLimit=2 
End Enum 
 
Public Enum tnModuleType 
 tnAdc4=0 
 tnAdc8=1 
 tnServo=2 
End Enum 
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Client.ini File 
 
[NETWORK] 
Port=1 
BaudRate=19200 
Adcs=1 
Servos=2 
Sensors=2 
ActivationCode=XXXXXXXXXXXXXXXXXXXX 
[ADC 1] 
Name=Geojac ADIO 
Model=0 
Removable=False 
Address=1 
DataRate=80 
GainFactor=1 
Excitation10=10 
Excitation5=5 
Range1=0.1 
Range2=0.1 
Range3=10 
Range4=10 
IoDirection=0 
[SERVO 1] 
Name=chris 
Model=2 
Removable=False 
Address=2 
Kp=500 
Kd=2000 
Ki=150 
IntegrationLimit=50 
OutputLimit=255 
CurrentLimit=255 
ErrorLimit=4000 
ServoRate=1 
Amplifier=True 
Watchdog=False 
[SERVO 2] 
Name=heath 
Model=2 
Removable=False 
Address=3 
Kp=500 
Kd=2000 
Ki=150 
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IntegrationLimit=50 
OutputLimit=255 
CurrentLimit=255 
ErrorLimit=4000 
ServoRate=1 
Amplifier=True 
Watchdog=False 
[SENSOR 1] 
ID=ID1 
Name=External Load Cell 
Removable=False 
Adc=Geojac ADIO 
Channel=1 
Unit=lbs 
Excitation=10 
ExcitationSource=0 
CalibrationFactor=-2600000 
Zero=0 
MinimumReading=-5000 
MaximumReading=5000 
[SENSOR 2] 
ID=ID2 
Name=Cell Pressure 
Removable=False 
Adc=Geojac ADIO 
Channel=2 
Unit=psi 
Excitation=10 
ExcitationSource=0 
CalibrationFactor=20000 
Zero=0 
MinimumReading=-14 
MaximumReading=200 
APPENDIX D 
 
LABVIEW VI’S 
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Connector Pane
TTT.vi
Front Panel
STOP
Motor End Test
180.00
Height
120.00
Length
60.00
Width
0.50
Strain rate
1.00
b-value
Height
Upper
Middle
Bottom
Side
Nothing
Volume Change
Length Change
Veritcal Load
Horizontal Load
Nothing 2
Confining Pressure
Zero All Instruments
Zero Instruments
1.0
-1.0
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
Iteration
1000 10 20 30 40 50 60 70 80 90
Height
Upper
Middle
Bottom
Side
Nothing
Volume Change
Length Change
Vertical Load
Horizontal Load
Nothing 2
Confining Pres.
Instruments
7
Iteration Count
C:\Heath\Work\Test\adsfa
Save Fi le Name
600
Chart length (points)
Clear graph
Graph Controls
0.0
-0.1
Vertical Strain, %
1.00-1.00 -0.50 0.00 0.50
Volumetric Strain vs Axial Strain
1.00
-1.00
-0.50
0.00
0.50
Vertical Strain, %
1.00-1.00 -0.50 0.00 0.50
Upper
Middle
Bottom
Side
LVDT Travel vs Axial Strain
1.0
-1.0
-0.5
0.0
0.5
Vertical Strain, %
1.00-1.00 -0.50 0.00 0.50
Vertical
Horizontal
Conf Press
Stresses vs Axial Strain
0.00
Secondary Motor Speed
0.00
DeltaH, mm
0.00
Upper, mm
0.00
Middle, mm
0.00
Bottom, mm
0.00
Side, mm
0.00
Nothing
0.00
Volume Change, cm3
0.00
Length Change, mm
0.00
Veritcal Load, N
0.00
Horizontal Load, N
0.00
Nothing 2
0.00
Conf. Pressure, kPa
Instrument Outputs
High Speed
0.00
Desired Pressure, kPa
Stop Vertical Motor
Stop Horizontal Motor
Indep Motor
Vertical Strain 
Loading
Motor Control
-0.01
Specimen Volume Chg, mm^3
180.00
Present Height, mm
119.70
Present Length, mm
59.70
Present Width, mm
1286.31
Present Volume, mm^3
0.00
Vertical Stress, kPa
0.00
Horizontal Stress, kPa
0.00
Vertical Strain, %
0.00
Horizontal Strain, %
0.00
Volumetric Strain, %
0.00
Target Horizontal Load, N
0.00
Target Vertical Load, N
0.00
Corrected Horizontal Load, N
0.00
Corrected Vertical  Load, N
Equation Output
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Block Diagram
Motor End Test
Zero Instruments
Instruments
Iteration Count
Graph Controls
Stresses vs Axial Strain
LVDT Travel vs Axial Strain
Volumetric Strain vs Axial Strain
Secondary Motor Speed
Instrument Outputs
Desired Pressure, kPa
Equation Output
Shut warning dialog
Save File Name
 0 [0..1]
 1 [0..1]
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Connector Pane
Cluster Requires Closing
Vertical Motor Control Data
Horizontall Motor Control Data
Motor Address and Initialize.vi
Front Panel
TNSRV40._Database 
TNSRV40._Network
TNSRV40._Network
Servos
TNSRV40._Network
Servos
Cluster Requires Closing
Item
status
0
code
source
error out
Vertical Motor Control Data
Item
status
0
code
source
error out
Horizontall Motor Control Data
Block Diagram
_Network
LicenseKey
2HKELY3CC9
_Network
Servos
chris
_Servos
Key
Item
_Network
Servos _Servos
Key
Item _Servo
Addressheath
_Servo
Address
TNSRV40._Network
_Database
FileName
TNSRV40._Database 
_Database
Load
Cluster Requires Closing
Vertical Motor Control Data
Horizontall Motor Control Data
C:\Documents and Settings\All Users\Documents\Geojac-Labview\Client.ini
2
3
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Connector Pane
Vertical Motor Address Data
Motor End Test
Final End Test
Cluster Requires Closing
Error Cluster
Horizontal Motor Controls
Vertical Motor Controls
Horizontal Motor Address Data
Run Motors.vi
Front Panel
Item
status
0
code
source
error in (no error)
Vertical Motor Address Data
Motor End Test
Item
status
0
code
source
error in (no error)
Horizontal Motor Address Data
Final End Test
Item
Item
Cluster Requires Closing
status
0
code
source
error out
status
0
code
source
error out
Error Cluster
0.00
TargetVelocity V
0.00
TargetAccleration V
0
Direction V
Stop Vertical Motor
Vertical Motor Controls
0.00
TargetVelocity H
0.00
TargetAccleration H
0
Direction H
Stop Horizontal Motor
Horizontal Motor Controls
INPUTS OUTPUTS
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Block Diagram
Vertical Motor Address Data
status
TargetVelocity V
TargetAccleration V
Direction V
_Servo
Direction
TargetAccleration
TargetVelocity
RunMotor
Error Vertical Motor: Shutdown
False 
250Motor End Test
_Servo
Direction
TargetAccleration
TargetVelocity
RunMotor
status
Direction H
TargetAccleration H
TargetVelocity H
Error Horizontall Motor: Shutdown
False 
Stop Horizontal Motor
Horizontal Motor Address Data
Final End Test
Cluster Requires Closing
Error Cluster
Horizontal Motor Controls
Vertical Motor Controls
Stop Vertical Motor
Error Vertical Motor: Shutdown
Error Horizontall Motor: Shutdown
_Servo
Mode
StopMotor
dsSmooth
 True 
_Servo
Mode
StopMotor
dsSmooth
 True 
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Connector Pane
Global Values.vi
Front Panel
Error Vertical Motor:
Shutdown
Error Horizontall Motor:
Shutdown
Make Graphs
0.00
Vertical Motor Speed, mm/s
0.00
Horizontal Motor Speed, mm/s
Store/Don't Store
0.00
Time, zero
0.00
Length Change,previous value
0.00
Saved Correction, N (Horizontal)
0.00
Height Change, previous value
0.00
Saved Correction, N (Vertical)
Block Diagram
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Connector Pane
Cluster Requires Closing
Error Cluster
Cluster Requires Closing 2
Shut Down.vi
152
Front Panel
TNSRV40._Network
Servos
TNSRV40._Network
Servos
Cluster Requires Closing
Item
Item
Cluster Requires Closing 2
status
0
code
source
error out
status
0
code
source
error out
Error Cluster
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Block Diagram
Cluster Requires Closing
Cluster Requires Closing 2
Error Cluster
Error Vertical Motor: Shutdown
Error Horizontall Motor: Shutdown
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Connector Pane
taskID in shutdown
taskID out
error out
Acquired Signal
error in (no error)
Signal Acquire.vi
Front Panel
0
scan backlog
0.9
0.9
02:51:51.47 PM02:51:50.47 PM 02:51:51.00 PM
first channel
second channel
third channel
fourth channel
waveform graph
1000000
taskID out
no error
status
0
code
source
error out
1000000
taskID in
no error 0
code
source
error in (no error)
shutdown
7:00:00 PM
12/31/1903
t0
0.000000
dt
0.00
0.00
0.00
0.00
0.00
1Y
0
Acquired Signal
1000
scans to read
at a time (1000)
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Connector Pane
voltage data processed data
processed waveform
error outerror in (no error)
waveform
My Data Processing.vi
My Data Processing is a subVI called by some of the analog input example VIs.  These 
examples show you how to process and display data while an acquisition is in progress.  This 
VI is a placeholder to show you where data processing, if any, should be done.  Add 
whatever functions you need to its diagram.  You may select Save As from the File menu to 
save the VI with a more meaningful name, but you should do this when all calling VIs (for 
example, Acquire & Process N Scans and Acquire & Proc N Scans - Trig) are open, so they 
are also aware of the name change.  Otherwise, you must replace the subVI on each block 
diagram that uses the old name.
The processed data array is returned to the example VI to be displayed.
Error in is a cluster that indicates if an error has occurred.  If so, this VI does not try to 
process the data, it just returns the voltage data and error unchanged.  If an error occurs in 
your data processing, you should set the following values in the error out cluster:
     (bool) status:  TRUE.
     (i32) code: the error code associated with an error.
     A value of 0 means no error, a negative value is an error,
     and a positive value is a warning.
     (string) source:  an indication of where the 
     error occurred, usually the name of the VI.
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Front Panel
0.000scan
0chan
voltage data
0.000scan
0chan
processed data
no error
status
0
code
source
error in (no error)
no error
status
0
code
source
error out
7:00:00 PM
12/31/1903
t0
0.000000
dt
0.00
0.00
0.00
0.00
0.00
0Y
0
waveform
7:00:00 PM
12/31/1903
t0
0.000000
dt
0.00
0.00
0.00
0.00
0.00
0Y
0
processed waveform
Block Diagram
voltage data processed data
error in (no error)
error out
Do any necessary
data processing here.
source
code
status
True if error,
otherwise False.
My Data Processing
0error code
True 
Error?
False 
code
status
waveform processed waveform
157
False 
An error has occurred.
Data will not be processed.
True 
158
Connector Pane
taskID out
error out
DAQ Init.vi
Front Panel
1-Height Change0
channels (0)
0.00
high limit
0.00
low limit
0
input limits
-1.00
interchannel delay
in secs ( -1: hw default)
4000
buffer size
(4000 scans)
1000.00
scan rate
(1000 scans/sec)
1
device (1)
0
taskID out
ERROR -10007
code
AI Group Config
source
error out
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Block Diagram
device (1)
0
continuous 
acquisition
scan rate
(1000 scans/sec)
buffer size
(4000 scans)
interchannel delay
in secs ( -1: hw default)
input limits
channels (0) taskID out
error out
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Block Diagram
scan backlog
status
waveform graph
taskID out
error out
taskID in
error in (no error)
shutdown
Acquired Signal
scans to read
at a time (1000)
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Connector Pane
Dimensions Instrument Outputs
Equation Output
Time, min
Zero Instruments
Acquired Signal
Calculations.vi
Front Panel
0.00
Height
0.00
Length
0.00
Width
0.00
Strain rate
0.00
b-value
Dimensions
4:53:20 PM
6/3/2003
t0
0.001000
dt
0.89
0.89
0.89
0.89
0.89
1Y
0
Acquired Signal
0.00
DeltaH, mm
0.00
Upper, mm
0.00
Middle, mm
0.00
Bottom, mm
0.00
Side, mm
0.00
Nothing
0.00
Volume Change, cm3
0.00
Length Change, mm
0.00
Veritcal Load, N
0.00
Horizontal Load, N
0.00
Nothing 2
0.00
Conf. Pressure, kPa
Instrument Outputs
Height
LVDT1
LVDT2
LVDT3
LVDT4
APT
Volume Change
Nothing
Veritcal Load
Horizontal Load
Length Change
Nothing2
Zero All Instruments
Zero All LVDT's
Zero All Load Cells
Zero All Pressure Swithces
Zero Other
Zero Instruments
0.00
Corrected Length, mm
0.00
Corrected Width, mm
0.00
Original Volume, mm^3
0.00
Specimen Volume Chg, mm^3
0.00
Present Height, mm
0.00
Present Length, mm
0.00
Present Width, mm
0.00
Present Volume, mm^3
0.00
Vertical Stress, kPa
0.00
Horizontal Stress, kPa
0.00
Vertical Strain, %
0.00
Horizontal Strain, %
0.00
Volumetric Strain, %
0.00
Target Horizontal Load, N
0.00
Target Vertical Load, N
0.00
Corrected Horizontal Load, N
0.00
Corrected Vertical  Load, N
Equation Output
0.00
Time, min
0.00
b2
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Block Diagram
Dimensions
Acquired Signal
Height
Length
Width
Strain rate
b-value
0.3
Membrane Thickness,mm
283.529
Vertical Rod Area, (Rod d=19mm), mm^2
/* (1) Corrected Horizontal Load,N*/
CorrHoriz=Horizload-HFrictionFactor-ConfPress*HorizRod/1000;
/* (2) Corrected Vertical Load,N*/
CorrVert=Verticaload-VFrictionFactor-ConfPress*VertRod/1000;
/* (3) Corrected Length,mm*/
Lc=Length-2*Membrn;
/* (4) Corrected Width,mm*/
Wc=Width-2*Membrn;
/* (5) Original Volume,mm^3*/
Vo=Height*Lc*Wc;
/* (6) Change in Volume of Specimen,mm^3*/
VolChg=1000*DPT+VertRod*deltaH+HorizRod*deltaL-40*Time;
/* (7) Present Height,mm*/
Hi=Height-deltaH;
/* (8) Present Length, mm*/
Li=Lc-deltaL-(((CorrHoriz/(Hi*Wc))*1000+ConfPress)/1734.4)*25.4;
/* (9) Present Volume, mm^3*/
Vi=Vo-VolChg;
/* (10) Present Width, mm*/
Wi=Vi/(Hi*Li);
/* (11) Vertical Stress, kPa*/
StressV=ConfPress+1000*CorrVert/(Li*Wi);
/* (12) Horizontal Stress, kPa*/
StressH=ConfPress+1000*CorrHoriz/(Hi*Wi);
/* (13) Vertical Strain, %*/
VertStrain=100*deltaH/Height;
/* (14) Horizontal Strain, %*/
HorzStrain=100*(Lc-Li)/Lc;
/* (15) Volumetric Strain, %*/
VolStrain=100*VolChg/Vo;
/* (16) Target Horizontal Load, N*/
TargetH=(bvalue*(StressV-ConfPress))*(Hi*Wi)/
1000+HFrictionFactor+ConfPress*HorizRod/1000;
/* (17) Target Vertical Load, N*/
TargetV=((StressH-ConfPress)*bvalue)*(Li*Wi)/
1000+VFrictionFactor+ConfPress*VertRod/1000;
/* (18) calculated b-value*/
b2=(StressH-ConfPress)/(StressV-ConfPress);
b2
CorrVert
VFrictionFactor
CorrHoriz
HFrictionFactor
Time
Vi
Wi
Li
VolChg
Vo
Horizload
HorizRod
HorzStrain
VolStrain
TargetV
StressH
VertStrain
StressV
Lc
DPT
Wc
Hi
bvalue
deltaL
Verticaload TargetH
ConfPress
deltaH
Width
Length
Height
Membrn
VertRod
Confining Pressure
Nothing 2
Horizontal Load
Vertical Load
Length Change
Volume Change
Nothing
LVDT Side
LVDT Lower
LVDT Middle
LVDT Upper
Height Change
Instrument Outputs
Zero Instruments
380.03
Horizontal Rods Area, (3X Rods d=12.7mm), mm^2
Corrected Length, mm
Corrected Width, mm
Original Volume, c,mm^3
Specimen Volume Chg, c,mm^3
Present Height, mm
Present Length, mm
Present Width, mm
Present Volume, c,mm^3
Vertical Stress, kPa
Horizontal Stress, kPa
Vertical Strain, %
Horizontal Strain, %
Volumetric Strain, %
Target Horizontal Load, N
Target Vertical Load, N
Equation Output
1000.00
1000.00
1000.00
Time, min
Time, zero
Time, zero
b2
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Connector Pane
Acquired Signal
Instrument Outputs
Zero Instruments
Acquired Signal Breakdown.vi
Front Panel
4:53:20 PM
6/3/2003
t0
0.001000
dt
-1.79
-1.78
-1.66
-1.54
-1.47
16Y
1
Acquired Signal
Height
LVDT1
LVDT2
LVDT3
LVDT4
APT
Volume Change
Nothing
Veritcal Load
Horizontal Load
Length Change
Nothing2
Zero All Instruments
Zero All LVDT's
Zero All Load Cells
Zero All Pressure Swithces
Zero Other
Zero Instruments
0.00
DeltaH, mm
0.00
Upper, mm
0.00
Middle, mm
0.00
Bottom, mm
0.00
Side, mm
0.00
Nothing
0.00
Volume Change, cm3
0.00
Length Change, mm
0.00
Veritcal Load, N
0.00
Horizontal Load, N
0.00
Nothing 2
0.00
Conf. Pressure, kPa
Instrument Outputs
164
Block Diagram
Y
Y
Y
Y
Y
Y
Y
Y
Y
Acquired Signal
9 Y
Y10
11 Y
Zero Instruments
Instrument Outputs
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Connector Pane
Instrument Outputs
Zeroed Instrument Outputs
Zero Instruments
Zeroer.vi
Front Panel
Height
LVDT1
LVDT2
LVDT3
LVDT4
APT
Volume Change
Nothing
Veritcal Load
Horizontal Load
Length Change
Nothing2
Zero All Instruments
Zero All LVDT's
Zero All Load Cells
Zero All Pressure Swithces
Zero Other
Zero Instruments
0.00
DeltaH, mm
0.00
Upper, mm
0.00
Middle, mm
0.00
Bottom, mm
0.00
Side, mm
0.00
Nothing
0.00
Volume Change, cm3
0.00
Length Change, mm
0.00
Veritcal Load, N
0.00
Horizontal Load, N
0.00
Nothing 2
0.00
Conf. Pressure, kPa
Instrument Outputs
0.00
DeltaH, mm
0.00
Upper, mm
0.00
Middle, mm
0.00
Bottom, mm
0.00
Side, mm
0.00
Nothing
0.00
Volume Change, cm3
0.00
Length Change, mm
0.00
Veritcal Load, N
0.00
Horizontal Load, N
0.00
Nothing 2
0.00
Conf. Pressure, kPa
Zeroed Instrument Outputs
0.00
DeltaH, mm
0.00
Upper, mm
0.00
Middle, mm
0.00
Bottom, mm
0.00
Side, mm
0.00
Nothing
0.00
Volume Change, cm3
0.00
Length Change, mm
0.00
Veritcal Load, N
0.00
Horizontal Load, N
0.00
Nothing 2
0.00
Conf. Pressure, kPa
Instrument Outputs
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Block Diagram
Zero Instruments
Height Change
Instrument Outputs
Nothing2
Length Change
Horizontal Load
Vertical Load
Nothing
Volume Change
APT
LVDT4
LVDT3
LVDT2
LVDT1
Height Change
LVDT1
LVDT2
LVDT3
LVDT4
APT
Volume Change
Nothing
Vertical Load
Horizontal Load
Length Change
Nothing2
Nothing2
Length Change
Horizontal Load
Vertical Load
Nothing
Volume Change
APT
LVDT4
LVDT3
LVDT2
LVDT1
Height Change
Zeroed Instrument Outputs
Instrument Outputs
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Connector Pane
Instruments Global.vi
Front Panel
0.00
Height Change
0.00
LVDT1
0.00
LVDT2
0.00
LVDT3
0.00
LVDT4
0.00
APT
0.00
Volume Change
0.00
Nothing
0.00
Vertical Load
0.00
Horizontal Load
0.00
Length Change
0.00
Nothing2
Block Diagram
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Connector Pane
Length Change, mm Saved Correction, N (Horizo...
Saved Correction, N (Vertical)Height Change, mm
Friction Factor.vi
Front Panel
0.00
Length Change, mm
0.00
Incremental Increase, mm
0.00
Saved Correction, N (Horizontal)
0.00
Saved Correction, N (Vertical)
0.00
Incremental Increase, mm
0.00
Height Change, mm
169
Block Diagram
Length Change, mm
Length Change,previous value
105.6
Correction Factor, N/mm
Length Change,previous value
Incremental Increase, mm
Saved Correction, N (Horizontal)
-65.50
65.50
Saved Correction, N (Horizontal)
Saved Correction, N (Horizontal)
Height Change, mm
Height Change, previous value
185.9
Correction Factor, N/mm
Height Change, previous value
Incremental Increase, mm
Saved Correction, N (Vertical)
-15.57
15.57
Saved Correction, N (Vertical)
Saved Correction, N (Vertical)
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Connector Pane
Global Control.vi
Front Panel
Return Normal Control
Shut warning dialog
0.00
Save File Name
Block Diagram
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Connector Pane
Vertical Motor Controls Vertical Motor Controls
Horizontal Motor Controls
Acquired Signal
Horizontal Motor Controls
Safety Switches.vi
Front Panel
50000.00
TargetVelocity V
200000.0
TargetAccleration V
Comp
Direction V
Stop Vertical Motor
Vertical Motor Controls
50000.00
TargetVelocity H
200000.0
TargetAcclerationH
Comp
Direction V
Stop Horizontal Motor
Horizontal Motor Controls
50000.00
TargetVelocity V
200000.0
TargetAccleration V
Comp
Direction V
Stop Vertical Motor
Vertical Motor Controls
50000.00
TargetVelocity H
200000.0
TargetAcclerationH
Comp
Direction V
Stop Horizontal Motor
Horizontal Motor Controls
4:53:20 PM
6/3/2003
t0
0.001000
dt
-1.79
-1.78
-1.66
-1.54
-1.47
16Y
1
Acquired Signal
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Block Diagram
Nothing2
Length Change
Horizontal Load
Veritcal Load
Nothing
Volume Change
APT
LVDT4
LVDT3
LVDT2
LVDT1
deltaH
These are raw (not zeroed) values
Vertical Motor Controls
Horizontal Motor Controls
50000.00
200000.00
Comp
 False 
50000.00
200000.00
Comp
 False 
Device Limit Exceeded
 False 
1000.00
-1000.00
-10000.00
-5000.00
-50000.00
50000.00
10000.00
10000.00
Shut warning dialog
Acquired Signal
Vertical Motor Controls
 True 
Horizontal Motor Controls
 True  True 
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Connector Pane
Device Limit Exceeded
Load-Travel Warning.vi
Front Panel
Shut warning dialog
Load-Travel Warning
Top LVDT
Vertical Load Cell
Width LVDT
Horizontal Load Cell
Device Limit Exceeded
Block Diagram
Shut warning dialog
Device Limit Exceeded
Shut warning dialog
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Connector Pane
Acquired Signal Non-Zeroed Instrument Output
Non Zeroed Instruments.vi
Front Panel
0.00
Height
0.00
LVDT1
0.00
LVDT2
0.00
LVDT3
0.00
LVDT4
0.00
APT
0.00
Volume Change
0.00
Nothing
0.00
Vertical Load
0.00
Horizontal Load
0.00
Length Change
0.00
Nothing2
Non-Zeroed Instrument Output
4:53:20 PM
6/3/2003
t0
0.001000
dt
-1.79
-1.78
-1.66
-1.54
-1.47
16Y
1
Acquired Signal
175
Block Diagram
Y
Y
Y
Y
Y
Y
Y
Y
Y
Acquired Signal
9 Y
Y10
11 Y
Non-Zeroed Instrument Output
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Connector Pane
Instrument Outputs
Graphs Bundle
Equation Output
Controls
Graphs.vi
177
Front Panel
12.70
deltaH
-12.86
LVDT1
-0.01
LVDT2
1.35
LVDT3
12.76
LVDT4
0.02
APT
48.12
Volume Change
-5.00
Nothing
-22.35
Veritcal Load
-2217.96
Horizontal Load
-0.72
Length Change
3.25
Nothing2
Instrument Outputs
no
clear first (no:F)
100
chart length (points)
1.0
-1.0
-0.5
0.0
0.5
Vertical Strain, %
1.0-1.0 -0.5 0.0 0.5
Horizontal
Vertical
Conf PressStresses vs Axial Strain
1.0
-1.0
-0.5
0.0
0.5
Vertical Strain, %
1.0-1.0 -0.5 0.0 0.5
LVDT1
LVDT2
LVDT3
LVDT4LVDT Travel vs Axial Strain
1.1
0.9
1.0
Vertical Strain, %
1.0-1.0 -0.5 0.0 0.5
Volumetric Strain vs Axial Strain
0.00
Corrected Length, mm
0.00
Corrected Width, mm
0.00
Original Volume, mm^3
0.00
Specimen Volume Chg, mm^3
0.00
Present Height, mm
0.00
Present Length, mm
0.00
Present Width, mm
0.00
Present Volume, mm^3
0.00
Vertical Stress, kPa
0.00
Horizontal Stress, kPa
0.00
Vertical Strain, %
0.00
Horizontal Strain, %
0.00
Volumetric Strain, %
0.00
Target Horizontal Load, N
0.00
Target Vertical Load, N
0.00
Corrected Horizontal Load, N
0.00
Corrected Vertical  Load, N
Equation Output
0.00
x
0.00
y
0
XY chart data0
0.00
x
0.00
y
0
XY chart data0
0.00
x
0.00
y
0
XY chart data
Graphs Bundle
0
chart length (points)
clear first (no:F)
Controls
178
Block Diagram
Instrument Outputs
clear first (no:F)
chart length (points)
Stresses vs Axial Strain
LVDT Travel vs Axial Strain
Volumetric Strain vs Axial Strain
Equation Output
Graphs Bundle
Controls
179
Connector Pane
new points XY chart data
clear first (no:F)
chart length (points)
new point
XY Chart Buffer.vi
This reentrant VI uses an XY graph to mimic the behavior of an XY chart, in that it plots a 
stipulated amount of the most recently acquired data points. The chart data is stored in a 
static local variable of the output XY chart indicator.
Because the VI has been marked reentrant (in VI setup), you can make multiple parallel calls 
to the VI without confusing the memory.  Use the new points array input to supply multiple 
points at once, or leave the array unwired (empty) and use the new point cluster input to 
supply one point at a time.  If the locally stored chart array is not equal to chart length, it is 
expanded to that lenght by replicating the most recently acquired point.  Data in excess of 
the history length is discarded.  Set clear first to clear the chart history before processing the 
new points.
Front Panel
100
chart length (points)
no
clear first (no:F)
0.00
x
0.00
y
new point
0.00
x
0.00
y
0
new points
0.00
x
0.00
y
0
XY chart data
180
Block Diagram
1.  If clear first is TRUE, or if the current length of XY chart data is not equal to the desired chart 
length, expand the XY chart data buffer to the desired length.  The technique shown mimics the behavior 
of the Initialize Array function, but without the extra memory buffer created by that function; that is, the 
output of the While Loop is in-place to the input.
2.  Process the new points array if it is not empty; otherwise, build new point into an array and process 
it.
3.  Replace the XY chart elements with the new points.  
4.  Rotate the array so that the first element is the oldest one.
b marks a diagram array buffer; b? marks a buffer that may be in the calling VI
XY chart data
b?
b
new point
clear first (no:F)
new points  1.. 
b?
chart length (points)
3False 
0
True 
1
2
4
XY chart data
b
 ..0 
False 
True 
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Connector Pane
Save File Name
Excel Labels.vi
Front Panel
Save File Name
182
Block Diagram
Save File Name
Time,min
Height, cm
Length, cm
Width, cm
Strain Rate, s-1
B Value, []
Height Chg, mm
Upper, mm
Middle,  mm
Bottom,  mm
Side,  mm
Nothing
Vol Chg, cm3
Length Change, mm
Vertical Load, N
Horizontal Load, N
Nothing2
Conf Pres, kPa
Corrected Length, mm
Corrected Width, mm
Original Volume, cm^3
Specimen Volume Chg, cm^3
Present Height, mm
Present Length, mm
Present Width, mm
Present Volume, cm^3
Vertical Stress, kPa
Horizontal Stess, kPa
Vertical Strain, %
Horizontal Strain, %
Volumetric Strain, %
Target Horizontal Load, N
Target Vertical Load, N
Vertical Motor Speed, mm/s
Horizontal Motor Speed, mm/s
Corrected Horizontal Load, N
Corrected Vertical Load, N
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Connector Pane
Save File Name
File Creater.vi
Front Panel
Save File Name
file path
Block Diagram
create
Save File Name
file path
184
Connector Pane
Time,min
Base Time, s
Time.vi
Front Panel
0.00
Time,min
0.00
Base Time, s
Block Diagram
Time,min
Base Time, s
60.00
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Connector Pane
Dimensions
File Name
Time,min
Equation Output
Instrument Outputs
Save Data.vi
186
Front Panel
0.00
deltaH
0.00
LVDT Upper
0.00
LVDT Middle
0.00
LVDT Lower
0.00
LVDT Side
0.00
Nothing
0.00
Volume Change
0.00
Length Change
0.00
Veritcal Load
0.00
Horizontal Load
0.00
Nothing 2
0.00
Conf. Pressure
Instrument Outputs
0.00
Height
0.00
Length
0.00
Width
0.00
Strain rate
0.00
b-value
Dimensions
0.00
Time,min
File Name
0.00
Corrected Length, mm
0.00
Corrected Width, mm
0.00
Original Volume, mm^3
0.00
Specimen Volume Chg, mm^3
0.00
Present Height, mm
0.00
Present Length, mm
0.00
Present Width, mm
0.00
Present Volume, mm^3
0.00
Vertical Stress, kPa
0.00
Horizontal Stress, kPa
0.00
Vertical Strain, %
0.00
Horizontal Strain, %
0.00
Volumetric Strain, %
0.00
Target Horizontal Load, N
0.00
Target Vertical Load, N
0.00
Corrected Horizontal Load, N
0.00
Corrected Vertical  Load, N
Equation Output
187
Block Diagram
Dimensions
Instrument Outputs
Time,min
File Name
Equation Output
Vertical Motor Speed, mm/s
Horizontal Motor Speed, mm/s
 True 
Store/Don't StoreStore/Don't Store
 False 
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Connector Pane
Dimensions
Motor Speed
Vertical Motor Controls
Horizontal Motor Controls
Speed Selector
Front Panel Controls
Equation Output
Instrument Outputs
Motor Control2.vi
Front Panel
50000.00
TargetVelocity H
200000.0
TargetAcclerationH
Comp
Direction V
Stop Horizontal Motor
Horizontal Motor Controls
50000.00
TargetVelocity V
200000.0
TargetAccleration V
Comp
Direction V
Stop Vertical Motor
Vertical Motor Controls
0.00
Height
0.00
Length
0.00
Width
0.00
Strain rate
0.00
b-value
Dimensions
0.00
DeltaH, mm
0.00
Upper, mm
0.00
Middle, mm
0.00
Bottom, mm
0.00
Side, mm
0.00
Nothing
0.00
Volume Change, cm3
0.00
Length Change, mm
0.00
Veritcal Load, N
0.00
Horizontal Load, N
0.00
Nothing 2
0.00
Conf. Pressure, kPa
Instrument Outputs
0
Motor Control
Stop Vertical Motor
Stop Horizontal Motor
Indep Motor
Front Panel Controls0.00
Corrected Length, mm
0.00
Corrected Width, mm
0.00
Original Volume, mm^3
0.00
Specimen Volume Chg, mm^3
0.00
Present Height, mm
0.00
Present Length, mm
0.00
Present Width, mm
0.00
Present Volume, mm^3
0.00
Vertical Stress, kPa
0.00
Horizontal Stress, kPa
0.00
Vertical Strain, %
0.00
Horizontal Strain, %
0.00
Volumetric Strain, %
0.00
Target Horizontal Load, N
0.00
Target Vertical Load, N
0.00
Corrected Horizontal Load, N
0.00
Corrected Vertical  Load, N
Equation Output
0.00
Motor Speed
High Speed 0
Speed Selector
0.00
Horiz Motor Speed
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Block Diagram
Horizontal Motor Controls
Vertical Motor Controls
Stop Vertical Motor 2
Stop Horizontal Motor 2
TargetVelocity V 2
TargetAccleration V 2
Direction V 2
Vertical
Target Load, N 2
Vertical
Load Cell, N 2 200000.00
1.00
True 
155100.00 Vertical Motor Speed, mm/s
"Load" 
TargetVelocity H 2
TargetAcclerationH 2
Direction H 2
Horizontal
Target Load, N 2
Horizontal
Load Cell, N 2
200000.00
1.00
True 
155100.00
Horizontal Motor Speed, mm/s
"Load" 
Load Control2 
Motor Control
 False 
Indep Motor
Return Normal Control
Dimensions
Instrument Outputs
Front Panel Controls
Equation Output
Motor SpeedSpeed Selector Horiz Motor Speed
Vertical Velocity
mm/min
Direction V 3
200000
19.00
0.00
2585
 "Strain", Default 
-1.0
False 
2585
0.00
19.00
200000
Direction H 3
Horizontal Velocity
mm/min
 "Strain", Default 
-1.0
 False 
190
 True 
191
Horizontal Strain Controlled
TargetVelocity H
TargetAccleration H
Direction H
Stop Horizontal Motor
200000.00
Comp
TargetVelocity V
TargetAccleration V
Direction V
Stop Vertical Motor
Vertical
Target Load, N
Vertical
Load Cell, N
200000.00
/*Length, mm */
/*Strain Rate, %/s  */
/*Calibration=155100 */
/*Movement, mm/s*/
SRmin=StrainRate/100;
SRsec= SRmin/60;
Movement=Length*SRsec;
Travel=Movement*Calibration;
Calibration
Travel
Movement
SRsec
SRmin
StrainRate
Length
155100.00
1.00
 True 
Horizontal Motor Speed, mm/s
155100.00 Vertical Motor Speed, mm/s
 0, Default 
-1.0
 False 
TargetVelocity V
TargetAccleration V
Direction V
Stop Vertical Motor
200000.00
Comp
TargetVelocity H
TargetAcclerationH
Direction H
Stop Horizontal Motor
Horizontal
Target Load, N
Horizontal
Load Cell, N
200000.00
Vertical Strain Controlled
/*Height, mm */
/*Strain Rate, %/s  */
/*Calibration=155100 */
/*Movement, mm/s*/
SRmin=StrainRate/100;
SRsec= SRmin/60;
Movement= Height*SRsec;
Travel= Movement*Calibration;
Calibration
Travel
Movement
SRsec
SRmin
StrainRate
Height
155100.00
1.00
 True 
Vertical Motor Speed, mm/s
155100.00
Horizontal Motor Speed, mm/s
 1 
-1.0
 False 
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Connector Pane
Vertical Motor Controls
Horizontal Motor Controls
Indep Motor Ctrl.vi
Front Panel
Return Normal Control
Stop Vertical Motor
Down
Direction V
0.00
Vertical Velocity
mm/min
Vertical Motor Controls
Stop Horizontall Motor
Down
Direction H
0.00
Horizontal Velocity
mm/min
Horizontal Motor Controls
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Block Diagram
Vertical Motor Controls
Horizontal Motor Controls
Return Normal Control
Return Normal Control
Vertical Velocity
mm/min
Direction V
200000
Stop Vertical Motor
19.00
0.00
2585
2585
0.00
19.00
Stop Horizontall Motor
200000
Direction H
Horizontal Velocity
mm/min
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Connector Pane
Horizontal Load Cell, N Counts/sec
Direction V
Horizontal Speed Selector
Horizontal Target Load, N
Horizontal Load Speed.vi
Front Panel
0.00
Horizontal
Target Load, N
0.00
Horizontal
Load Cell, N
0.00
Counts/sec
Out
Direction V
High Speed 0
Horizontal Speed Selector
40000.00
Max Speed
High Speed
20000.00
Max Speed
Low Speed 
Block Diagram
Horizontal
Load Cell, N
Counts/sec
Direction VHorizontal
Target Load, N
/*Target Greater Than 
Read, (Move Towards 
Specimen)*/
Speed = 
Max*(Target-Read)/
SlowdownLoad;
SlowdownLoad
Speed
Max
Target
Read
0
Ext
False 
250.00
Slowdown Load, N
Horizontal Speed Selector
Max Speed
Low Speed 
 1 
Max Speed
High Speed
 0, Default 
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/*Read Greater Than 
Target, (Move Away From 
Specimen)*/
Speed = 
Max*(Read-Target)/
SlowdownLoad;
SlowdownLoad
Speed
Max
Target
Read
1
Comp
True 
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Connector Pane
Vertical  Load Cell, N Counts/sec
Direction V
Vertical Speed Selector
Vertical  Target Load, N
Vertical Load Speed.vi
Front Panel
50.00
Vertical 
Target Load, N
21.41
Vertical 
Load Cell, N
0.11
Counts/sec
Out
Direction V
High Speed 0
Vertical Speed Selector
40000.00
Max Speed
High Speed
20000.00
Max Speed
Low Speed 
Block Diagram
Vertical 
Load Cell, N
Counts/sec
Direction V
Vertical 
Target Load, N
/*Target Greater Than 
Read, (Move Towards 
Specimen)*/
Speed = 
Max*(Target-Read)/
SlowdownLoad;SlowdownLoad
Speed
Max
Target
Read
0
Ext
 False 
250.00
Slowdown Load, N
Vertical Speed Selector
Max Speed
High Speed
 0, Default 
Max Speed
Low Speed 
 1 
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/*Read Greater Than 
Target, (Move Away From 
Specimen)*/
Speed = 
Max*(Read-Target)/
SlowdownLoad;
SlowdownLoad
Speed
Max
Target
Read
1
Comp
True 
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Connector Pane
Vertical Load Cell, N
Vertical Velocity mm/min
Stop Vertical Motor
Vertical Target Load, N
Direction V
Horizontal Target Load, N
Direction H
Stop Horizontal Motor
Horizontal Velocity mm/min
Horizontal Load Cell, N
Horizontal Control Selector 2
Vertical Control Selector
load Control.vi
Front Panel
Vertical Motor Controls Horizontal Motor Controls
Stop Vertical Motor Stop Horizontal Motor 
0.00
Vertical Velocity
mm/min
Down
Direction V
Strain
0.00
Horizontal Velocity
mm/min
Down
Direction H
Strain
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Block Diagram
Vertical
Target Load, N
Vertical
Load Cell, N
Horizontal
Target Load, N
Horizontal
Load Cell, N
Horizontal
Target Load, N
Vertical
Target Load, N
Vertical
Load Cell, N
Horizontal
Load Cell, N
Stop Vertical Motor
Stop Horizontal Motor
Stop Vertical Motor
Stop Horizontal Motor 
Direction V
Vertical Velocity
mm/min
Vertical Velocity
mm/min
Direction V
Vertical Control Selector
Vertical Control Selector
Direction H
Horizontal Velocity
mm/min
Horizontal Velocity
mm/min
Direction H
Horizontal Control Selector
Horizontal Control Selector 2
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Connector Pane
Desired Pressure, kPa
Pressure Control.vi
Front Panel
10.00
Desired Pressure, kPa
Pressure 
channel (0)
1
device (1)
Block Diagram
device (1) 2
channel (0)
Desired Pressure, kPa
201
Connector Pane
Desired Pressure, kPa New Desired Pressure
Pressure Value.vi
Front Panel
0.00
Desired Pressure, kPa
0.00
New Desired Pressure
Block Diagram
Desired Pressure, kPa
400.00
upper limit
0.00
lower limit
New Desired Pressure
202
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